


1 





1 



1 1 



1 



1 



I 1 



1 



1 



1 



1 



1 



1 



1 1 



1 



1 



1 



1 





1 



1 



1 



1 



1 1 





1 



1 



1 



1 



1 



1 



1 



1 



1 1 



1 



1 



1 



1 



<>\lr' .... l1rl\l<'<> it is necessary for the motor to be fitted with shaft IJU;;)IU'UI 

nn<,.",l'lnn of the sensors and a recommendation for their is 

Function 

The shaft encoders connect into the board three six on dual wound 
dedicated 24v are connected 

converter circuit. are used and 
""",t,::lIm firmware into the machine 

nn,:>r<lllt,nn when the available back emf 
from the machine is to commutate the machine converter Tnur'CTnrc Based on the of 
received sensor feedback the circuit firmware determines which of machine will 
conduct at any instant in time. 

With the machine at the encoder selects with and hence which 
stator will carry current. The direction of current flow is also selected. When the machine is 
encoder determines when the stator current is transferred from one to another so that ",,;:,v,r", 

is maintained at all times. 
a certain is reached 

comutate the .nun""n,,,, 

feedback. 

Mechanical 4rlrJ:llrlnlll.ml~nt 

nnl'm~~lhl around 10-1 
the encoders are then 

The encoder varies with machine number. There is 
motor and the rotor lobes cover an arc of 1800 electrical. 

Provision should be made for of all three or six sensors 

one rotor lobe per 

them on a common slotted bolted to the machine The slot range of 
a 1200 electrical arc. The mechanical should allow 

Initial SPln!l::t\r 4,lInnn1prlr 

that the sensors are so that with the motor shaft at its the sensor 
are at the axial center of the rotor lobes. The axial width of the rotor lobes should be such that no 
the sensor ever extends the lobe surface at the limits of shaft end 

of 

that the sensor bodies fan out from the shaft center and that are also to 
axis. The is to ensure that the sensor is """",,nT''''''''' to the surface of the rotor 

SDln!l::tU Air 

1 



on.>r",'h, the air gap between the sensor and rotor lobe should be set to 0.047 
(1.2 ± 0.1 With this gap the sensor should switch to the on state when the 
lobe covers half the sensor 

power UJilrA~nAI't~forsensor~aC'~i".ft 

A qqE~ste~a method of connection for the three wire Turck and or ,",,,,.nn<:1YI & Fuchs of encoders is 
The load can consist of a 1 OK ohm resistor. 

+ Slil'Ply 

Electrical • .... _-, .... of Encoder n ... a .... ti.., .... 

first set the sensor air the motor should be turned to check that all three sensors an 
\1""<>"'''' across their load resistors. When a lobe is the should be 24v 

In the of a the should be less than +1 volt. Check 
,",",,,nr.,,,",, state when half the sensor is covered a lobe. 

If the motor can not be a ferrous metal can be used in of the lobe 
a 

... ",.rn ...... of Encoder PhA~iintil 

SU!laElSlEm that the motor be run as an unloaded at some convenient low and that a 
n""",,,,,,.n be made between the of the induced stator and the sensor ""nn",'", 

First determine the direction of rotation for the motor and check o'o .... t ...... ""'u 
of the induced stator is 1 as marked on the stator CalJlel3/tE!rm Also 

which motor the case of a dual wound 

label each sensor and it's leads 1 Delta1, , 
case of a six in the order in which the sensors come up as determined the .,.n.' .... 't'or! 

direction of shaft rotation. 2 will be the middle sensor in the group. It must be noted that the 
,,".-.n,n,., is associated with first set of encoders and with the second set of 

encoders. 
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1. Encoder 1 uu,,"',,'" 
2. Encoder 2 Dmml\l'e 
3. Encoder 3 Dmml\l'e 

is in 
is in 
is in 

with the 
with the 
with the 

each set of encoders 
zero of the stator waveform for that 
there should be three or six encoders that are 

ensure the are 

rated 
nnrn::ol'"\1 as indicated the dots 

between the 
"u,.a",,,, waveform conform 

zero I'rr":,,,iinn of stator 
zero of stator 
zero of stator 

1-2 
2-3 
3-1 

must be with the nn<,ITn,,," 

After this test has been I'nIYlnll",t".rl 

with the three or six individual stator \lnIT"''''''' 

The mark space ratio of the encoder should be 50%. If the mark space ratio is not then the 
of the individual sensors should be aUII""'";;''' to achieve this. 



Final check out 

the above tests have been mark the correct n,.""tor," of the encoder 
with reference to the frame of the machine. Ensure all mechanical are secure and 
terminations are identified at the extemal termination box. 

waveform with rAlllI:nA,r'!t to encoder !I:nnnRII!:I. 
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The instructions are as instructions for variable variable 
SYNCDRIVE. In addition to these instructions there will be a "Drive Data Sheet" with and 

set up details for the which is contained within 4 of this manual. 
The instructions assume with the SIGMA Control Read the INSTRUCTION 

SIGMA CONTROLLER TECHNICAL COOLING SYSTEM PLC TECHNICAL MANUAL AND 
CSP TECHNICAL MANUAL in detail before to commission the drive. 
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1.1.2.Two multimeters. 
1. on ammeter: 0-2000A AC & DC 

SYNCHDRIVE 

aunt n 
n ( 

1. down isolation instrument transformer: 24001120V 
1.1.5.4-20mA DC 
1.1.6.0-lOV DC 
I 1 current link. 

r 
010 ) 

and current 

1 1.8.Two with ALSTOM CSP and overdrive software and cable for {''',"IMP,'tin to 
FANUC VersaMax and the HMI. 

1 1.1 O.Red Lion HMI software and 
I. I.II.Flow meter with flexible hose and 
1.1. resistance resistor for DC link 

1.2.1 SYNCDRlVE schematics. 
1.2.2.SYNCDRIVE software block 
1 One Line 
I functional block 
I.2.5.SIGMA Controller Technical Manual. 
1.2.6.CSP Technical Manual. 
1 
1 

2. 
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2.1.I.Ensure that the ~n",.".n .. ;~tp contract number and serial number have been recorded in the spaces on 
the Use a form for each drive or channel. 
2.1.2.Check with of the contract schematics are current and that 

and installation. Document and 

COInpl)ne:nts include "a~)a,-"v.~, reactors, and other 
items. 
2.1.5.Check all for U1",!"H"'~~ 
2.1.6.Check all accessible 

2.2.1.Check connections between drive cubicles. This shall include main bus. 
Ensure that field interconnections are present and with 
drive agrees with the contract schematics. Also check that wires are not ~u',uUI"~~ 
exceed the minimum bend radius 3 inches and connectors are to the cables. 
2.2.2.Check connections between the drive and the excitation controller transformer ""'>HUl';, 

etc. This shaH include main power cables and control Check that all transformer are set 
Also check the of any timer or thermostats. 

2.2.3.When ensure that all field terminations are and with 
2.2.4.Ground check. Check that each interconnection section of earth bar link has been made and any 
connections to the cooler cubicle. 

2.3. all main power breakers or breakers are off. 
2.3.2.The motors have been checked and are to run. 
2.3.3.The pumps have been checked and are to run. 
2.3.4.All the breakers and has been commissioned and n .. "tp,'tnIP is calibrated. Record the 
~ClllHU~" in the table: 

A 

Switchgear CT Ratio 
1» Amperes 
I> Amperes 
Plug Setting 
Time Multiplier 
Setting sheet attached YES I NO 

and verit1ed. 
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the drive 

2.4.I.Check that each breaker with and without AC power to the breakers and that the 
indicates the proper state of the breakers. 
P_PflP"<T>C'P the sources that power to low circuits and sequence 

sources. 
the circuit breakers: 

480 V AC uu"., .. _u 

120VAC 
MCB7 -120 V AC normal 
MCB8 - 120 V AC UPS power 
MCB9 - 120 VAC UPS distribution terminal block 
MCB 10 120 V AC UPS 2 
MCB II 120 V AC UPS 

Remove the fuses: 
FS9 Phase reference 

2.4.4.Locate and the source that power to the low control circuits that have been isolated 
via the breakers and fuses that have been 

a suitable DVM measure the line to line RMS at the terminals of the breakers and record 
them. 

For 480 VAC 3 circuits 

For480VAC 3 circuits 

For 120 V AC circuits 
2.4.6.Locate and correct any out of tolerance 
2.4.7.Locate and the source that 

all fuses. 

456 V AC to 528 V AC. 

456 V AC to 528 V AC . _______ _ 

114 VAC to 132 VAC. 

power to the low circuits. 
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3.1.2. With the breakers to the pumps open, fuses and close necessary circuit breakers to 
power up the SIGMA Refer to SIGMA Controller Technical Manual for SIGMA 

status verification. 
3.1.3.Close the 2) and that the unit powers up 
each power LED is illuminated on each card. 

3.2.1 download and run the SIGMA aplyu\.,au'.JU program in the controller a 
3.2.2.Download the Hl\H Code. 
3.2.3.Download the PLC Code. 
3.2.4.Download the Exciter Code. 

Ensure that the breaker is in the test positlion or disconnected from the main HV AC power 

3.3. 1. When used for Main InC:Oll1llnj;! Breaker and Breaker check the of 

r.",,>r«j",nn of all oaJlel··m(mnted JlO, Refer to SYNCDRIVE schematics 

them llrr'cw,cjm to the table. 

MTable 
MS.O 
MS.! 
MS.2 

BUI MS.3 
B1.I2 
BI.13 
B1.l4 

© 2010 ALSTOM POWER CONVERSION ALSTOM POWER CONVERSION 

1 



ALSTOM 

TEST 
INSTRUCTION p 

Int 
j ct 

SYNCHDRIVE 

unt in 
I ns ( 

r 
010 ) 

1 

of 29 
Rev: A 

Date: 29 Jan 2004 

all the as per the above table. Some of these may 
be at 1, on the state of the drive Set table M9.15 = 1, This will disconnect all the 
from their ladder program rungs and enable each one to be driven. When M9.15 is set all 

should state to zero. the tables M8.0 to M8.l5 can now 
all the it's function per the contract 

schematics. 
Remove all 

3.3.5.Drive ID check 

a "halt" and a "run. 

• This test is to determine that each channel has the correct .,1pnt.l·" 

the correct drive ID for the correct i.e. ID] or I D2 etc 
that the lIMI is 

the correct state of all external interlocks and np"mi~~i'''p~ Check that the sense of each is correct 
and that the state as the external contacts are 

the SIGMA and .. "n~v",uM contactors and other devices 

the table below. Remove each and check that 
the cOITespOIldulg 

TB311, TB313 
TB312, TB314 

PL319 
TB315 

3.4. LCheck the V~',H"lVH and feedback 
meters. 

of the and any .nt,porn,nc.,n transducers or 

Ra e 
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MI2 
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3.4.4.1nter 
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4-20mA 

4-20mA 
4-20mA 
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are scaled such that 2-8V are to 0-

• ~"'<A~',~~ ~'5HU''', set M9.0=1 and Mll=100%. 
• 

• 
• of the other channel 

reads +10000% for +6.0V 
• Set M9.0 and MIl to zero. 

These tests will check the 
current feedback. 

and nn'>T<lt"1" of the 

3.5.l.Ensure the are set to the contract schematics. 
3.5.2.Ensure the program is downloaded. 
3.5.3.Ensure that 480V is on the exciter. 
3.5.4.Poke M5.0 1 to close the exciter. 
3.5.5.Poke M6 from 0% to 100% to on DO. 

v .... ,vAJLAfH"' ... " the data table on the 

to TB18-5. This 
measured should read -2.0V. This 

board TB17-1+ with to TB17-1-. 

check that table G83 

reference to the exciter and the exciter 

3.5.7.Prove that when the current level in the program is exceeded that the excitation controller 

NOTE 

'-<V''''IJ.'''''v a visual check to ensure that the cables is as shown on the schematic 

3.6.2.Check that the cards and distribution boards are nll'WPlfPfl up and that green LED is lit ''''''''-''''''''5 fiber 
cable 

3.6.3.Check that the HDLC enhancement card is Monitor the serial link statistics in L7284 
onwards. There should be no CRC errors etc. The number of TX and RX messages should be 
mc:rerrlenllmg Check that L 7308= 1. 

check that the relevant red LED on each card and distribution board is 
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HIU'l"a'UH~ the correct number hardware data for each board on how to determine tril·",tar" 

3.6.5.1f all the above is not 
AH~~H>'He of the fault code. 

check the fault word Refer to module L 73 documentation for the 

3.7.l.The method should be used to 
Disconnect the cables attached to the 

This is the converter current feedback. 

circuit. 
2&3. 

• Connect a variable DC power ustmelnt range of at least 0 to 2 V DC to terminal 
to TB312-3. TB313-1 and TB313-3 with TB313-1 ""<"ti,,,,. 

With the program no are "",-,""VI,aul increase the 
DC from zero volts until the drive on hardware overcurrent. 

• The drive will show "SUPPLY 1 DC" before on "HARDWARE DC". 

• 

• 

• 

the first overcurrent this is a ~"ftW"''I'''_O''''I',p'l'",rpl1 and continue to increase the 
until a hardware overcurrent is indicated. 

this test to ensure that the is at the same 
Check also that A32.7 goes to zero when the hardware overcurrent C opens. 
Record the DC level at which the drive indicated over current 

Channell 

Channel 2 

The CT's are 
nn<,,.<lt.nO' at full 
Vdc. 

SUPPLY 1 DC 

VDC VDC 

VDC VDC 

sized to about 0.6 volts at these terminals when the drive is 
should occur somewhere between 1.0 and 1.1 

the above tests for the machine converter current l",-,uu'a."""1 TB 313:11,12 and 13 
313:11 with to 

SUPPLY I DC 

Channell VDC VDC 

Channel 2 VDC VDC 
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3.8.I.AIl the Check that the interlocks from 
the breaker oPI~ra:te 

Breaker Closed and 
3.8.2.Check the breaker 
3.8.3.Check that when 

when the hardware over-current on the C interface board is ~~--~H'~'''''J~'U. 
is that the relevant channel and that the main breaker 

I 
3.9.1.Pressurize the to at least 10 PSI. Leave the for a minimum of 1 hour and 
then check the pressure to 

\ close <In'''Irll,nrl with water. The initial fill should be made with 
clean de-ionized or de-mineralized water to reduce the time needed to reach the 
nrp'VF'I~T a reduction in the life of the de-ionization tank. 

level and to 

3.9.3. Check the of the pump motor and heat ~A"-HU'''F,'' fan over-current the data of set up shown on 

each pump motor and proper motor rotation. Continue to add water to as 
necessary. Measure motor current and that it does not exceed the WARNING: Serious 
dam~lge will result if the pump is run The pump must be before 

pump until all of the air in the Alternate from one pump to 
p~' '~'''v'~HJ until the air is removed. 

consistent coolant flow in all an inline flow meter with flexible hose and 
disconnect connectors. This would include flow the SCR surge etc. 

control power to the PLC and Use the GE Fanuc PLC to check 
the function of all of the external sensors and devices. Ensure that the pumps can be controlled 
""""·n..,,.,.,,,, PLC address table. Confirm that each of the devices 
mAn,t" .. flow reservoir level functions and that it is re{:01!:n12~eo 
the PLC. Cause each of these devices to activate set the pumps, etc 

the function of all and interlocks. Calibrate flow and pressure transducers as needed for proper 

3.9.8.Check the 
~p'_A"'_AVU of all sensors located on the customer side of the heat in 

VUL"v"~) and calibrate the devices as needed for proper Clean the Y-Strainer and check the paper 
filter for debris and or clean the filter as needed. 

Alarm/Trip Setting Units 

Low Flow Alarm GPM 

Low Flow GPM 
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0.5 

0.3 

1.0 

3.1O.1.To achieve the desired level of nrr,tp{'hr.n of the converter it is UY'l1np,."t"JP that the correct 
discrimination exists. the converter must be back and current before the ACCB 

VI"""""'''''' contact before the main 
open, on detection of a fault. The drive uU,U'-U"""l 

the transfer of AC side arc 
3.10.3.1t is essential that the be checked to ensure the necessary exists. 
3.10.4.Connect a scope across the breaker feedback and the second channel to the 
feedback. the "one-shot+ feature of the the breaker from the various sources and record the 
time difference between the of the feedback status and the loss of mains 
3.10.S.This test will have to be for every non-drive initiated that could cause the breaker to 

i.e. local 

1 

np,"t",·",,·rI with the main AC power 

will be re(IUll~eQ \ .. "."'..."",<U 
relevant terminals. 
3 .11.3 .Remove the alBI-'''"'''l cable from the Machine 

1 

msec 

msec 

msec 

breaker open and the 

PAB2PL2. 
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to monitor 

3.11.6.To remove 
3.11.7.Ensure that Converter have been released "U,.""'lH~ the amber LED's on the 

'U"VBB'" cable from PAB2 PL2 in 
and ensure that both Converter and Inverter ..,,,,,,,,,,.~~ 

h".,.o"~" for the 

waveform for: 

• Pulse 
• 
• 
• 
• 
• 
• 

3.1 1.1 1.Refer to the 
per division time scale. The current varies from one 
characteristic. For the upper traces of 

Release 
in every converter. 

lead flows into the In 

trace would need to be examined if there was doubt about the correctness of a current trace. 
that the correct exists between each arm in the converter. 
that the correct exists between each arm in the machine inverter. 

3.ll.14.Check the sequence is as follows: 

Pulse 1 to leads 2 
Pulse 2 to leads 3 
Pulse 3 to leads 4 
Pulse 4 to leads 5 
Pulse 5 to leads 6 
Pulse 6 to leads I 

2.78 msec for a 60Hz 
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with each other. This is to ensure that when the checks are 
from the PIB' s are reliable. should agree with the 

PIB TPl-TP5 ARMl Va - Vc (Vac) 
PIB TP4-TP5 ARM 2 Vb - Vc (Vbc) 
PIB TP7-TP5 ARM 3 Vb - Va (Vba) 
PIB TP2-TP5 ARM 4 Vc - Va (Vca) 
PIB TP6-TP5 ARM 5 Vc - Vb (Vcb) 
PIB TP8-TP5 ARM 6 Va - Vb (Vab) 
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NOTE: Main AC power will be converters for the '-V'HV'",UVH 

• The circuit breaker over-current must have been (Y"nrn,~ 
commencement of the tests. 
The circuit of the drive must also be checked and functional. 

COlldllctllVIty of the drive's coolant must be within UI.I'ClaUU.l1a, 

• '''U''UJlH~ transformer will be needed to 
converter cabinet door must be closed 

4.1 I.Disconnect the DC power circuit at the machine 
and 

line-to-line 

side of the DC link choke 

) 

1 
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to 

down . 

bus terminals DC2 

4.1.2.Close the transformers disconnect for the channel under test and open the transformer disconnect for the other 
channel. Close the breaker and measure the no-load at the to each the 

leads B B leads C 

4.1.4.Connect an isolation transformer and VMdH'LI""'.v as shown in 4. 

c+ 

c 

4 
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atPAB2. 

with TP6-TP5 on P AB I. Close 
the 
4.1 Circuit Test the CSP monitlorill!! mode to make the 

M3.04= 1 
M3.05 1 
M3.07 1 
M2.12 1 
M2.03 1 
M2.05 1 

INHIBIT MODE 1 ENCODER 
INHIBIT MODE 2 ENCODER 
INHIBIT START FAIL 
FORCE OPEN LOOP 
FORCE LOCAL MODE 
FORCE LOCAL START 

This will enable open test mode. 
4.1.9.To release press the set M2.5 1, to inhibit set M2.5 O. 
L12614 should be at 150°. 
4. 1. lO.L12614 should agree with the ofthe 

of the See 
the value of L12lO1 until 

should be released and 

train the 

while monmm 

4.1.13.The correct value of offset should then be set in the links program of the drive. 

Vcb 

C+ Pulse Train 

ALPHA 

5 
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as 4.1.9 above. 
breaker and no load disconnects are open. 

r 
010 ) 

load resistor between DC+ and DC- link bus on the under test channel. 
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4.2.4.Connect to a scope between DC+ and DC- link bus on the channel under test. 
4.2.5.Close no the load disconnect of the channel under test and then close the breaker. 
4.2.6.Release the for the channel under test. 
4.2.7.Phase back to L12612 disable open the breaker and disconnect and remove the 
load resistor. 

at L12612 ncrementally increase the value ofL12612. Plot the ,,,,O,UHU'15 DC link 
a function of whilst the 

VDC = 1.35 x VAC 

• The purpose of the Test is to ensure that the current feedback is ~~,'u"".~,~. 
• With the breaker flP_pnF'rm ",a~'aUJ'" of 1100A DC between power bus 

terminals DC2 and Channel 1 
NOTE: The bus bar 

• 

• Place a current meter around the link connection cable between the DC bus and 
bus. 

• Connect a scope with an ",'tn,,,,I",, current to the PIB current on 
TB313:3-7. 

• Note: L 12612 is a reference. Since this test circulates current a virtual short 
very small increases will result in current increases. The value in L12612 should be 
"H<~UE;"U in very small increments i.e. 1 

• Poke LI 3 103 50% 
• Close the 
• tests. The L12614 should be at -165°. 

increment L 12612 while and the link current on the Cla,mp-on current meter and 
the 

• 120°, and should become continuous at 900
• 

• Monitor the current feedback on the on meter and confirm that the value of the filtered 
current feedback Ll as a of the DC link current of the drive software 
title sheet for agrees with actual DC link current. 

• Set open L12612 -100% and release the with the drive in open 
control mode. 

• Phase the drive forward reference until 10% rated current is achieved 
• Check current if necessary. 
• the monitor the current This can be the scope or 

around the DC Link short. It should be uniform and stable. 
at various p~"A<A'UU" 
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4.4.I .• "~v<o",, current control mode. In this mode the current 
reference into the current reference data table and the current is to that value 
the open mode the current was controlled the 
4.4.2.Make the 

M3.04== I INHIBIT MODE I ENCODER 
M3.05 == I INHIBIT MODE 2 ENCODER 
M3.07 == I INHIBIT START FAIL 
M2.04 == I FORCE OPEN LOOP 
MIS == OOL I REF 
M2.03 == I FORCE LOCAL MODE 
M2.05 == I FORCE LOCAL START 

4.4.3.Poke L13103 50% 
4.4.4.To release set M2.05 O. 
4.4.5.Check that the current is 
4.4.6.with app,roximaltei:y 

controlled and that the filtered current feedback matches the actual current. 

30% and 
4.4.7.Take the current up to any value below drive 

the breaker. Disable test 

convertor Overcurrent 
the drive. 

and look for any abnormalities. 
and links across main bus. 

until below 

4.5.1.With the motor from the load rotate the shaft in the forward direction while UAVUU'V. the encoder 
Absolute feedback. that the correct encoder are received as per SIGMA Module Manual 

Encoder Feedback. Ensure that for both channels: 
4.5.2.L13907 counts 0, I, 2, 3,4, and 5 when the motor is in the forward direction. If the count is 

swap the of 2 encoders. 
to A32.1 leads the to A32.2 

to A32.2leads the 
• The inter-channel electrical 

A32.1) is 
If any of the above criteria is not met, ensure the encoder 

4.5.4.Measure the encoder at their to the and ensure that 
24V DC. Ensure the are square and the mark to space ratio is 1: 1. 

however measurement must be made at the Customer 110 board 
does not return to zero, then a 12kQ resistor will need to be wired in between the 
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5.1.1.Before the "VIHIJ1,'-"'-' c"p('h,m must be made to 
ensure the 
5.1.2.The motor VVHi'UU'14 

5.l.3.The motor for service and able to be checked for proper n"f>"<lt"," as 
soon as the motor is started. 
5.l.4.The motor rotor must be able to turn when rotated hand or with a 
5.l.5.The motor must be and the shroud on the motor uU"-"'UUIHHJIJ", made so it 
cannot connect the motor shaft when the motor is 
5.l.6.The area around the motor and driven machine should be off and workers in the alerted to 
clear of the the test runs. If necessary, a worker to stand watch over the area. 
5.l.7.As soon as power is to the motor, a to the motor for the rotation 
of the oil abnormal mechanical and correct direction of motor rotation. 
If any abnormal conditions the motor should be ctnnnF',-I U,lllH"U1U''-'lY and the cause of the abnormal condition 
must be corrected. 
5.l.8.After all of the above have been the can be opl~ralte(J with the motor in 
accordance with the 
5.l.9.The initial machine control checks are made with the motor uV-"U'UIJ1,",U from the load with the drive in Local 
Mode select switch Local I Remote to the Local pO;sition. 

© 201 0 ALSTOM POWER CONVERSION ALSTOM POWER CONVERSION 

1 



ALSTOM 

TEST 
INSTRUCTION 

1 

p 
In 
jec 

SYNCHDRIVE 

unt n 
n ( 

r 
010 ) 

1 

: 19 of 29 
Rev. A 

Date: 29 Jan 2004 

5.2. 1. Start the at the with a reference of 5%. If the motor turns in the wrong direction or rocks 
back and forth it will be necessary to "roll" the encoder leads at the to the drive. this process until the 
motor starts and turns in the correct direction. Enable Mode The Manual 
will be needed: 

5.3.2.Ensure the stator 
5.3.3.Ensure that the 

M2.3 FORCE LOCAL MODE 
M2.5 FORCE LOCAL START 
M4 CSP TEST SPEED REFERENCE 

reference between 7% and 8%. 
..... uv" ... ", LI 

increase the reference to <In.,rnvirn<ltpl 

to Mode 2. Check L13921 
not go into Mode 2, bounces between modes or is 

The value will be one of the 
5.3.5.Monitor the stator feedback with 
5.3.6.The encoder 

I) and find the stator feedback 
power interface that satisfies 5.2.6. Once this has been determined 
that matched encoder to A on the and so on. 
5.3.8.Check the rotation of motor field exciter. 
The rotation is correct: 

and that the thereof is 

If the drive does 
must be 

of the 

at the to the 

If the field decreases while the field current remains constant and the Increases. 
For the smallest excitation reference for a sequence. 
The rotation is to the motor rotation. If this does not occur the motor and reverse any two of the 

to the exciter and the check for the proper rotation. 
7'''',,,,~,,,al the above for the other channel. 

5.3.1O.0nce this is have the motor and 

5.4.l.Accelerate the motor to maximum To this: 
M2.3 FORCE LOCAL MODE 
M2.5 = FORCE LOCAL START 
M4 LOCAL TEST SPEED REFERENCE 

5.4.2.Start the drive with a 20% reference. When the drive reaches about 30% 
100%. Press the button to finish the 
5.4.3.Check the response of the and make any necessary 
order to achieve start the drive and let it run up to minimum 

and ensure that the drive does not go into current limit 
an attached to a spare 
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E26 76 
E27 2117 
El7 3052 
E18 0 SCOPE 2 OFFSET 

SYNCHDRIVE 

untain 
I F ns ( 

Examine the response of the 
Data Sheet. 

to the reference 

Examine the response of the 
Data Sheet. 

SP 

© 2010 ALSTOM POWER CONVERSION 

k 

AlSTOM POWER CONVERSION 

1 

20 of 29 
Rev: A 

r 
010 ) Date: 29 Jan 2004 

Check values are as in the Drive 

This is 

ME 

1 1 



ALSTOM 1 

TEST 
INSTRUCTION 

Inte 
ject I 

in 
ns ( 

r 
010 ) 

. 21 of 29 
Rev: A 

Date: 29 Jan 2004 

. 51 

for the of the '>nr,,,r,." and 
rp'llln·PITlpnt~ to ensure have or will be met: 

6. 1. l.The of the motor and the driven machine was checked and is 
whichever limits are more 

'r""rn"'nt~ of the manufacturer. 
I.UlllJl<;U motor and driven machine have been turned hand to see that rotate 

res,ponslble for the on hand and have verified that the driven machine is 

section on pn~cautil)ns for the UIU,VUilJ";U motor and be to observe the 

F 

6.2.1.Check that all power breakers for the drive are open. This includes no load disconnect switch 
and the breaker. 
6.2.2.Reset the If any errors are must be corrected before pf()Ceedllng to the next 
6.2.3.Set reference to 20%. that the drive is in the Local. 
6.2.4.Press the Start button to start the drive. The motor should accelerate to min of its maximum rated 
6.2.5.With the drive and V~'_'H'U''''VIJ'''' to measure 
the stator 
agree with the measured results. If not 
is obtained. 
6.2.6.11' the VIJ,""UIVH at this 
test the motor at 
6.2.7.Check the response of the V IF ";;"llal'''l and make any necessary 

for the other channel. 

should 
until the correct V IF ratio 

the motor up to maximum and 

,otnnpnt< to the PID control 

6.3.1.This test presumes that all the PLC I/O has been checked and is correct and the drive default is set to 
about 20%. 
6.3.2.Clear any alarms. The drive should come on. 
6.3.3.Ensure that the other channel breaker is open and the channel under test is closed 
6.3.4.Have the start the drive in gear. 
6.3.5.Have the set the drive to run and accelerate the fan range. 
6.3.6.The field current, and the motor current should show no 
6.3.7.If the of the motor and load is at all have the set the drive to off. 
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7 

7 .. 1.Local Channell 
• Run Channel 1 Channel in Local. 

Initiate a Local on the Channel 2 and ensure that uv •. uu,,,, haplpellS 
Initiate a Channel 1 Local and ensure that Channel I ramps down to stop. 

• Re-start Channell channel and initiate a Local before the exceeds 5%. Ensure the 
drive and coast to rest immedi,ltel!y 

7.1.2.Local Channel 2 
• Run CHANNEL 2 Channel in Local. 
• Initiate a Local on the Channel 1 Channel and ensure that 
• Initiate a Channel 2 Local and ensure that Channel 2 ramps down to 

Re-start Channel 2 channel and initiate a Local before the exceeds 5%. Ensure the 
drive and coast to rest UHU',",U""'." 

7.1.3.Remote 6-Pulse mode Channel I 
Run Channell reIlnotelv in mode. Leave Channel 2 in Local mode. 

• Initiate a Local on the Channel 2 and ensure that "v'.nu,,,, hilppens 

7.1.4.Remote Inpt'"t",n 6-Pulse mode Channel 2 
Run Channel 2 Channel in mode. Leave Channell in Local mode. 
Initiate a Local on the Channel I Channel and ensure that 

This concludes the ''''1'TI',,,,n tests. 

7 .2.l.Ensure that the are closed. 
7.2.2.Establish main drive power. Channell controller is set as a master controller default from the customer i/o 
board and the Channel 2 controller as the slave in a normal condition. 
7.2.3.Set reference to minimum 
7.2.4.Have the start the drive in 
7.2.5.Have the set the drive to run. 
7.2.6.Increase the Reference to 80% and record AC field Volts and at each increment. 
Check the motor DC link current, and the 
7.2.7.If the nnf't'Minn of the drive is at this 
test the motor at 

and ensure that there are no abnormalities. rJ.UCUH.V,j,U" 

LED's every hour. 
7.2.8.Have the "n,~r"t"l' set the drive to run minimum 

nn'~t'"tnr set the drive to run maximum. 
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7.2.ID.Set the reference to maximum set the LocalJRemote selector to the Remote and press the 
and when 

button to finish the 
MC start button. The motor should accelerate to maximum Give the drive a 20% 
the drive reaches about 30% 
Press the button to 
7.2.11 the motor. 

8.U.Ensure that a the boiler is and of volume so as to be able to draw full 
load from the drive. Set: 

M2.3 0 
M2.S =0 
M4=200/0 

FORCE LOCAL MODE 
FORCE LOCAL START 
LOCAL TEST SPEED REFERENCE 

8.l.2.Ensure all the drive to run conditions are satisfied. 
8.l.3.Establish main drive power. 
8.1.4.Set reference to minimum if it is not 
8.1.S.Start the drive. Ensure field excitation is on. Check that the converter gate "',-,,''''''''H.l', 

1.6.The control will have to be from the control room, can be 
made to the boiler pressure, the reference can be set 
8.1.7.1ncrease the Reference to 80% and record AC field Volts and at each increment. 

DC link current, and the 
nnc·,."tln1rl of the drive is at this 

Run the drive for 3 hours. Monitor the 

no 
the motor up to maximum 

motor motor current, and DC 
Reactor tpn,np,."h and ensure that there are no abnormalities. A(]lOlIlOl1lall make a visual of the 
Th . lynstors LED' sever h your. 
Time Speed Motor Volts Motor Current DC Reactor 
30 min 
60 min 
90 min 
120 min 
150 min 
180 min 
8.1.9.At this point the exciter phase rotation can be verified if it previously was uncertain. 
8.1. the motor. 
8.1.11. With the remote reference set to 100% set the drive to remote and select run. The motor should 
accelerate to maximum Give the drive a 20% and when the drive reaches about 30% 
raise the reference back up to 100%. Press the button to finish the Press the button to the 
drive 
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At this the motor should be to the load in order that rated load may be 
to the drive. With reference to the measurements and of 

and time available for recovery must be made. 

8 

lime available far 
device ta recover 

B IS 

Time available for 
device ta recover 

Monitor the stator feedback waveform at the 
or the C I/O board as UIJIJU',UUlv 

mtf~gnltor board 
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to the drive monitor the time available for machine 
this process. 
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increase the load up 
devices to recover 

At load compare the measured beta in with the beta in table 
L12615 This should 

L12615 measured beta 10 

Care must be taken when this measurement. The time base should 
first be set to a full of the machine waveform to confirm the The 
time base should then be altered to a or a commutation notch 
and a zero 

IfL12615 is outside the above tolerance the I-<n,cnn,ppr should be contacted for 
further advice. 

As the load is Inrrp",~pl1 then: 

5 
2 

This is the anl1Clpal:ed 
and L12615 should be l't'lrnn~,rpl1 

load and is the reason that the measured beta 
load. 

Measure the true RMS motor line current on the three of the 
SIGMA coils and an accurate DVM. 

Check that the time available for the machine devices to recover is never less than 
the time on the drive data sheet. 

record the information as a record of drive "n,',.";·"",, 

• 

• 
• Current reference 
• True RMS motor line to line "nun:.',,",. 

• True RMS motor line current, 
• load. 

9.1. l.If this has not been run the drive in dual channel and prove each 

Ma5;ter I 
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9.2.2.Initiate an exciter fault and ensure the Dual Channel Master becomes the 12 Pulse Slave and the 12 Pulse 
Slave becomes the 12 Pulse Master. over to the other channel. 
9.2.3.Initiate a on the master channel. When the master channel will also its own breaker. 
After a three second the slave drive will over to master aUI.UHlall.I..-<1'cAY 

9.2.4.Check the motor Volts and Field Volts and 
9.2.5.Restart the drive. 
9.2.6.Initiate a on the master channel. When the master channel will also breaker. After 
a three second the slave drive will over to master drive aUl.OlllaLlcau 
9.2.7.Check the motor Volts and Field Volts and should be no H.".aU'HH 

9.2.8.Restart the 
and 100% 

1 

10. 1. l.Delete the memory the LJal.ft-UlU batteries and nfH""''''''' the down. Power the 
back up and download the normal program to the 
1O.1.2.Make two diskette of the final "as tested" user program, the ladder program and 

This links program deliver one copy to the contract and one to the Service iVU'U"5\o1 

is critical as the user program loaded iuto the SIGMA can not be downloaded or edited. 
Without these of the program all made will be lost. 
1O.1.3.Ensure that all as-built and as-tested hardware are marked in red ink on the certified schematics. 
Return the marked up this test instruction and all documentation to the folder. 

APPENDIX 1 DRIVE COMMISSIONING CHECKLIST 

DRIVE TITLE 

DRIVE REFERENCE 

DRIVE SERIAL NUMBER 

m:F TEST CHECKED REMARKSIREADINGS OTHERS 

Preparation 

2.1 General equipment check 

2.2 Interconnections 

2.3 Preliminary check with power off 

2.4 Low voltage supply check 

3.1 
Power up regulator / gating power 
supply 

3.2 Download software 
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I 3.3 

3.4 

3.5 

! 3.6 

! 3.7 

! 3.8 

3.9 

3.10 

3.11 

4.1 

4.2 

4.3 

I 4.4 

4.5 

5.1 

5.2 

5.3 

i 5.4 

I 6.1 

! 6.2 

! 6.3 

17.1 

I 7.2 

8.1 

9.1 

ALSTOM 

TEST 
INSTRUCTION p 

Digital 110 relay logic check 

Analog 110 check 

Exciter Reference Checks 

Diagnostic serial link check 

Hardware over current check 

Supply breaker interlocks 

Cooling system fill & check 

In 
jec 

Main ACCB fast phase back timing 
check 

Firing pulse check 

Phasing checks 

DC link open circuit tests 

Open Loop Short Circuit Tests 

Closed Loop Short Circuit Tests 

Encoder Switching sequence Tests 

Single channel uncoupled safety 
inspection 

Mode 1 checks 

Stator volts feedback and 
encoder alignment check 

Speed regulator control check 

S.ing~e channel load test-preliminary 
checks 

Vlf control checks 

Single channel load tests Remote mode 

Dual channel no load operational & 
stability checks 

Stop/Stan Tests 

Dual channel Full Load Current Checks 

Emergency Run Back Checks 
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9.2 

10 
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Emergency Stop 

Chop over Checks 

p 

Final Procedures & wrap-up 
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# IGS02-07 wo 

* 
New Vendor 

Vendor 

2CCE-K2104C SCHEMATIC DIAGRAM - INDUCED DRAFT FAN 1D WIRING 

1 



U2 D ID Fan drive 

Date 
estimated 
arrival 

controls list 

# 

199468 Turck Bi3U-EM12-AP6X-H1141 inductive prox sensol 
199468 Turck RK4.4T-5 cord set, Euro-Fast disconnect 

199795 YOK:oaciwa 288 Thin meter 

# Each Total 
Price 

8 76 608 
8 25.4 203.2 

6 79 474 

1 



Process T "',f'hrlnl"nH 

Process T "',f'hrlnl"n\l 

Weschler Inc. PEP? 

Lake 



U21D FAN D 10 
, 

Short \JomlilClit From 
10009. CS/PO & Stop 2CCE-K21 04A 

r-' ---, 

10010lCS/Start & After Start 2CCE-K2104A ; 

10011 CS/After Stop or Start ?r.r.J=:-K21 04A 
10012 PBfTRNGR 2f!r.E-K2104A 
10013 PB/RUN 2CCD-K2104A I 

; 

I--
10025 1 D1 FDR BRKR Open 2CCE K2117 A 
10026 CS/Close & After Ciosl 2CCE K2117 A 
10027 ICS/After Trip or Close 2CCE - K2117A 

--,------

10028 1D1 FDR BRKR ChJsed 2CCE K2117A 
10029 !Control Power OK ~CE - K2117A 
10030 IFD Fan 1A or 1B RI lin' 2CgE K2117 A 
10031 FD Fan 1A or 1B In SVCE 2CCE - K2117A 

0---' 
10041 I Damper Opening 2CCE - K2308A 

- -- ----, 

10042 I Damper Closing 2CCE K2308A 
--"- -, 

----
10045 1 D2 FDR BRKR ~n 2CCE - K2118A 

.----_._-.. _._-._--.-

10046 I CS/Close & After Close 2CCE K2118A I 

,-------

10047 CS/After Trip or Close 2CCE - K2118A 
10048 1D2 FDR BRKR-Closed 2CCE K2118A 

f--

10060 Control Power OK 2CCE - K2118A 

0--' -
10069 Gas Path Proven 1£CE - K2104A 

--"-""--- ."-~." 

10070 Furnace Press Low 2CCE K2104A 

10093 RunMemo~2CCE-K2104A 

10137 In ISLN DMPR OPEN CDR-88 2CCE - K2304A 

10145 Lube Oil Press Low 2CCE - K2324B 
10146 LSS/RUN 2CCE - K2:i?4.R 
10147 LSS/STBY 2CCE - K2324A 
10148 LSS/STOP 2CCE K2:i24.B 
10149 LSS/ST ART 2CCE K2316A 
10150!LSS/STOP 2CCE - K2316A 
10151 DMPR Seal Air Fan Running 2CCE K2316A 

-,---, 

10152 DMPR Seal Air Fan StujJjJt::u 2CCE - K2316A 
----

10153: DAMPER OPEN 2CCE KnnRA 

10154 DAMPER (;1 n!=:l=n 2CCE - K2308A 

10161 Valve OJ.Jt::IUlIY 2CCE - K2320A 
10162 Valve Closing 2CCE K2320A 

I 10163 Valve r.ln!,:p.n 2CCE - K?:i?nA 
......... 0.-','-------

10164 Valve Open 2CCE K2320A 
--

""---_._----_."----

10167iControi Power OK 2CCE K2324A 
10168 Lube Oil Pump Running 2CCE - K2324A 

1 
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Indicator Less Than 2.5" of 
D"' ..... ;."""II Behind the Panel 

lin'''''''.' .... , ... Bracket Included for 

• 

Installation 

Broad 

Standard Screw Terminals for 

Six Current Ha>nCles: £UIUUI"II. 

5A 

85-250VAC or 9-32VDC Power 

Mini-Max Current Indicators 
and 

Units offer 4·1/2 
available with a 

2.84" 0.16" 
(4mm) 

LCD 
Red 

Installation 

A 

units feature 
standard units have a clear 
with 
window, 

to allow for vertical 
All Mini-Max 

The 

1 



DISPLAY 

image, red LED 

indication. implied 

ACCURACY @ 25"C 
+ 1 count) 

of reading + count 
SA: ±(05% of reading + 1 count) 

ENVIRONMENTAL 

/"C 
Warmup time: minutes 

NOISE REJECTION 
NMRR: 60dS, 50/60Hz 
CMRR: (wll K!1 unbalanced gOdS min 

Rated Circuit to Ground Voltage: 750Vrms 

Ilese 

ANALOG TO DIGITAL CONVERSION 
Technique: Integri:lting 

DP3 
DP2 

DP41 DP1 
HOLD 

are not to be 
wilen mounted 

Mrllm."jn"·\1 measurements in 

x 72rnrn) 

x 2.68" 
68mm) 

glass-tilled thermoplastic 

INPUTS: DC Current 

L1 
L2 

EX 
EX 

DP COMMON 

Decimal Point: select a decimal paint, connect the appropriate DP pin (DP1. DP2, DP3 or OP4) the OP (HOLD). 
may unconnected 

DP Inputs 

Display Hold: Connect HOLD to DP COMMON (HOLD). If this feature is required, the DP COMMON (HOLD) pin may remain unconnected 
Hold is on this model. and when equipped. replaces DP4. This feature is available from our centers. 

Input IN the to be mrmornrc'" 

Input Power: Connect power to the L 1 L2 terminals. For AC units. L 1 and L2 are not polanzed. 
For 9-32 DC powered units, L 1 must be positive with respect to L2. 

FRONT 
OF METER 

a screwdnver or thumbnaiL 
spread tab each side case to 
unlock top half. Lift rear top anel 

from front of meter. 

connections required 
for tllese to function. The "coarse" calibration 
R12 will allow a broad range of values. 

can be scaled down to tile 
The calibration R9 

approximate range of 1 % of the 
"coarse" calibration full scale input to 
the R12 to 

desired result 

1 



Tile mounting brackets, included witil Mini-Max, can be connect· 
ed Multiple units can be mounted in a single allow-

To puncil ilole for tile standard 
cutout dimensions as silown here; otherwise tile meters will not 

in tile 

multiple units is quick easy Install tile first meter (bottom 
unit If stacking Position the next mounting bracket snug
ly against the first one, and slide the second meter into place. Repeat 
tor 

Vertical 
Vertical 

Standard culoul 

(68mm) 

Horizontal 
.071" (1.8 mm) 

Add to standard 
when slacking Standard cutout 

is 
tional external power is required. 

Excitation output is in tile Mini-Max for powering external 
transmitters or transducers. Excitation is available from tile EX pas 
EX NEG isolated from tile measurement 

Tile voltages are 2VDC 
load current of 25 milli"'1'ln<; 

external DC power source for transducers 

Do 

Horizontal 

Add to standard when stacking 

DP4 DPl 

1 1 



rm"nn,m" needs to monitor the power 
voltage and of a 5 A AC UNIT 200 VAC UNIT 

12VDC motor. 

Voltage: A Mini-Max DC Volt meter, con
for the 20 volt range, is installed in 

parallel with the power IN HI 

Current: second MiniMax DC Volt 
configured for the 200 millivolt 

with 100A/50mV shunt 

connected to the shunt, and the shunt is 
installed in series the at the 

The Mini Max Voltage Indicator be 

Basic Unit 

Digit Indicator 

Non Backlight 

and tile negative to the IN 
LO terminaL The MiniMax units will indio 
cate the power supply vOltage and load 

by an entry 

Excitation 

None 
1 
24VDC 

25 DCmA max 
output 

Negative Red 

NOTE: factory at of 

External shunts enable digital 

Switchboard 
the source, manufactures 
portatJle and switcllboard 

Each includes 5' 

SIMPSON ELECTRIC COMPANY 853 Dundee IL 60120-3090 • 

IN HI IN LO 

200Hz Frequency Unit 

1 he WAI<NING 

could result in personal 
injury 

an 
practice, or the like, which, if 
not correctly to, 
coulcj result in 

the instrument. 

Or'I"I .... inin Information 

Portable Shunts 50mV 

Amps 

1 
b 
10 

30 
50 
IS 

100 

200 

Cal. Number 

06700 
06703 
06704 

0670B 
06709 
06711 

067H 

Switchboard Shunts 50mV 

Cal. Number 

200 
250 

300 

OG504 
06505 

400 06507 
06508 

697-2260 • FAX 697-2272 

1 
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lii::Illl::itl'U Time Meters 
of AC 

power systems, counters record 
hours, of hours, minutes and 
tenths of minutes, non-reset 
models available, 

Series Panel Meters 

Available in Window mount or Surface 
mount bezels for 
Surface mount permit rear mount-

Standard movement torque to 
is 4 times 

ii 

-------------------------------. --

line Panel Meters 

meters possess the same 
nrp,r;,,;nn qualities as New 

addition, Horizon Line meters 
can be front or rear mounted on 

Thin eO;i]e\lVI meters 

maximum ne>,rfn,'m"nr 

of spaces, Available in 'I," to 
for vertical or Mrizontal 

sizes 

New look Panel Meters 

These meters feature extra-wide scales, 
bold numerals above the scale and 

I:::doelJIIIs;e Meters 

for 

"hiolrlinn prevents int<'rfp'rPrl(,p 

meters and removes the burden 
calibration, 



Dust Resistant Construction 

YO KOGAWA 

ANew 

Dust resistant construction is now a standard feature of 
all New Look 

Back~Of~Panel 

Horizon line 

of the meters, 

For 

Horizon Line panel meters can be 
mounted either behind or in front of the 

instrument. 

models are also available upon request. 

Three 
Available in 

Series 
Rear Panel Window Mount 

Front of Panel Surface 

Rear Panel Surface Mount Available with 
Bezel 

Readable 
Provides Extra 

screws 
the meter prevents shock hazard, This 

feature is standard on New 
and Horizon Line meters, 

iii 
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Taut Band 

Taut band is a means of suspending the 
moving mechanism between two ribbons of 
metal, obviating the need for pivots, jewels and 
control springs found in conventional mecha
nisms. The absence of friction 
resulting from this permits greater sensitivities 
and provides more meters. Common 
failures of meters subjected to 
shock testing are cracked jewels and/or 
blunted pivots. Taut band, without pivot and 
jewels, will withstand shock in 
excess of that for pivot and jewel 
meters. For example, ANSI Specifications for 
panel meters SOG shock. Taut-band 
meters will 100G shock. 

Pivot and Jewel 

In this the coil and pointer are 
polished steel pivots each 

end which bearings. Pivot and 
jewel meters are recommended for 
vibration environments because 
mechanism's inherent stability and strength. 
Accuracy and repeatability are almost equal 
to the taut-band's, and performance 
from the pivot construction is the 
reason for its long popularity. Don't specify 
pivot meters for applications that 
involve shock, but do take advantage 
of this meter's ability to withstand vibration. 

High-sensitivity DC Voltmeters 

Standard DC voltmeter sensitivity is 1000 
ohms/volt. Expressed differently, 1000 
ohms/volt sensitivity means that the meter 
draws approximately one milliamp full-scale 
current. 

nrr"'"in,n"llv lower current drains are 
necessary, higher sensitivities 
required. The table below compares 
sensitivities, maximum self-contained 
VOltages, and approximate full-scale currents. 
The voltage range could be extended by 
using external resistors. 

Maximum and Minimum Ratings 

In the maximum and minimum 
of current and VOltage are those 

in "Ratings." Listed are rating limits 
for self-contained meters. 

used with external accessories are shown 
in "Ratings." See 29 for Shunts, 
resistors and T'~n<:lfnn.,.,o,<: 

Expanded-scale Voltmeters 

For very close 
diode expanded scale are 
available in 3},- and 4 %-inch sizes for AC and 
DC is ±0.5% of full

voltage spans are 
listed in "Ratings." 

Expanded scale voltmeters can be 
furnished for mid-span values from 12 
to 300 volts. span 16% of 
mid-span value. 

Frequency Effect - AC Meters 

Iron vane voltmeters are sensitive 
and should not be used on 

rrp,""'>nr',,,~ other than 
(Standard voltmeters are at 
Hertz. Used at 50 Hertz, accuracy becomes 

There are also 150- and 300-volt 
listed which are calibrated 400 
For calibrations at frequencies other 

than 60 and 400 Hertl, reter to factory. 

All Iron-vane ammeters (which produce a 
conventional scale distribution with diVisions 
crowded in lower third of scale) from 10 
milliamperes to 50 amperes are virtually 
fected a change in e.g., a stock 
ammeter at 60 when used at 
400 Hertz incurs an additional error of .5 
percent full-scale. If used on 1000 Hertz, 
additional error is 4 percent. We recommend 
use of stock (60 Hertz) ammeters on 
frequency in the range of 25 Hertz to 
Hertz. For calibration at frequencies outside 
the 2S-Herlz to 400-Hertz range, refer to 
factory or use a rectifier-type AC ammeter. 

Rectifier-type Meters 

Rectifier-type meters diller from iron-vane 
mechanisms in that: 

• They provide a nominally linear (DC) scale 
rather than conventional iron-vane distribution 
which has slight crowding at low end of 
scale. 

• AC current measurements of microamperes 
and milliamperes at minimum power 
consumption are permitted. 

• AC voltmeters of higher ~,,,n~''''''I'' 
(ohms/volt) than iron-vane types can 
made. 

response of rectifier type meters 
is essentially from 20 to 1 ,000 Hertz 
effect from reference to 60 Hertz). 
Rectifier-type meters employ a tull-wave 
rectifier and are available in ratings of 
500iJA to 30A. 

Suppressed-zero DC Meters 

DC meters can be 
up to 20% of end-scale value. 
additional errors are introduced by sup
pressions; 

Errors suppression ~ ± 3% 
of end-scale 

process transmitters in use today 
a 4-20mA signal (occasionally 10-50 

mA or 1-5mA) and require a suppressed-zero 
meter with zero set. These are 
known as and are standard. 

Higher Accuracy 

Standard calibration 
to ±1% of 

full scale as a special model in 3'1/' and 4'h" 
with mirrored scale. 

Conduit Mounting Case 2'h-inch New Big 
look Meter 

Available only for 2'h-inch Type 250 panel 
meiers, tor indoor or outdoor use, the conduit
mounted case provides protection to the meter 
under severe environmental conditions. The 
conduit case is both sealed and weatherproof 
and is pre-drilled, ready for mounting of sepa-
rately ordered panel meters. of meter 
into case is done by purchaser. No. 
2579K10700.) 

Data subject to change without notice. 

MINIMUM RATING 

SERIES STYLIST BIG LOOK & HORIZON LINE 
SIZE/RATING 1\\ I 2\\ I 3'. I 4\\ 1\\ I 2'. I 3'. I 4'h 
DC CURRENT 10llA 20llA I 50",A 
DC VOLTAGE 50mV 50mV 
AC CURRENT (IRON VANE) --- I 10mA --- I 10mA 
AC VOLTAGE (IRON VANE) --- I 3V --- I 3V 
AC CURRENT (RECTIFIER) 1mA 500uA 
AC VOLTAGE (RECTIFIER) 3V 10V 

MAXIMUM RATING 

1 



New 

Look 

DC Voltmeters 2-3 

DC Ammeters 3-5 

DC Microammeters 3 

DC Milliammeters 4 

AC Voltmeters 5-6 

AC Ammeters 6-7 

AC Microammeters 6 

AC Milliammeters 6 

AC Frequency Meters 13 

AC Motor Load Indicators 12 

Expanded Scale Voltmeters 3,5 

Elapsed Time Meters 

Terminal Resistance Values 20-21 

Cross Reference to Other Manufacturers 32 

Electrical and nl,}",<-a, Options 30-31 

Parts & Accessories 

Dimensional Draw" '''''' 

1,2, and 

New 
251 Horizon 
254 New 
255 - Horizon 
260 Surface Mount 
261 Window Mount 
264 - Surface 
265 Window Mount 

4 Size 
1 
2 - 2'1," 
3 - 3'/," 
4 -

'IN Iron Vane Mechanism 

250 

29 

32-33 

2 40 

andS ..... ----' 
and Mechanical Variables 

00 - DC Amps Zero-Left 
01 - DC Zero-Center 
04 - DC Res, Zero-Left 
05 DC Volts/Ext, Res, Zero-Center 
10 AC Rectified 
20 - DC Zero- Left 
21 - DC Volts Zero-Center 
24 DC Millivolts Zero-Left 
25 Millivolts Zero-Center 
30 AC Volts Rectified 
37 AC Expanded Scale Voltmeter 
38 - DC Expanded Scale Voltmeter 
40 - AC 60 Hz 
44 AC 60 Hz 
45 AC Volts Hz (IN)' 
50 - Frequency 

Horizon 
Line 

8 

8-10 

8-9 

9 

10-11 

11-12 

11 

12 

13 

12 

8, 11 

20-21 

32 

30-31 

29 

34-35 

LS 

14 

15-16 

15 

15 

17 

17-19 

17,18 

19 

14,17 

22-23 

32 

30-31 

29 

36 

LS 

Time 

24-25 

38, 39 

185 280 
F, c, 

~ '::I' ,~ 

26 27 

26 28 

26 28 

26 28 

26 28 

28 

26 28 

26 28 

26 27-28 

30-31 30-31 

25, 29 27, 29 

37 38 

XXX or XXX XXX XXX X 

Units 
When used, these denote 

models, Refer to 
for details, 

Digit 11 Factory Style 
For factory use, 

Digits 9 and 10 - Scale 

LS = Amps 
MT = 0-10 Amps 
NG 0-20 Amps 

Digits 7 and 8 Elec, Rating 

1 
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250 and 254 
Big Look 

Ar"""" ... ,,' All DC and AC iron-vane; ±2% 
of AC rectifier type; ±3% of 
full scale (with 60 Hz sine wave 25° C), 
When standard 60 Hz iron vane ammeters 
are used at the extreme limits of 25 or 400 
Hz, additional error (approx. ,75%) may be 
experienced, voltmeters: 

of full value, 

ANSI Specification: All meters meet ANSI 
Specifications C-39,1 

8 Volts 

10 Volts 
15 Volts 
,0 Volts 
40 Volts 
50 Volts 

Volts 
100 Volts 

250 

250120 RXRX 

DC VOLTMETERS -
RESISTORS NOT INCLUDED 

Volts 
Volts 

750 

104 FASF 
104 

250104 fASM 

Overload: Voltmeters (AC and DC) 50% 
20% sustained, Ammeters 

(AC and momentary; 10 times the 
rated current for 10 consecutive intervals 
of ,5 second with a 1 minute interval 
between successive applications; sustained: 
20% for six hours, 

Scale Data: 90 degree rotation, 

Scale Length: 
Size 
1 'h" 
2'h" 

New Big Look 
1.40" 
2,06" 
2,88" 
3,93" 

Insulation Level: All meters (except 2600 
Vrms Hi'pot, 1'h"-1500 Vrms Hi-pot 

Burden Data: AC ammeter-5 amps, 0,5 va, 
Max, 0,5 power,factor lagging @ 60 Hz, AC 
voltmeter unity power factor. 

Response Time and Overshoot: 
Response time: 3 seconds (max,) for 2%", 
3'h", size for microammeters; 2 

seconds (max,) for all other DC ratings, 
and 2,5 seconds (max) for AC ratings, 
Maximum of 40% overshoot. 

Dimensions: See page 32-33 

How To Order 

To order New Big Look panel meters use 
the appropriate catalog numbers 
in the tables, Taut band & AC IN 
have a 250 prefix number, Pivot & Jewel instru
ments have a prefix of 254, 

Ordering Examples: 

2/z", 300 V DC Voltmeter, zero left, taut 
band - 250 220 

2, 2';''', 300 V DC Voltmeter, lero left, 
pivot &jewel, 254 style 254220 RXRX 

3, 2'/,', V AC (Iron Vane), pivot & 

jewel 250244 RXRX 

Notes: 

Pivot & jewel instruments are not available in 
1'1," size, 

Severe,duty meters are available to meet CSA, 
UL 1437 and IEC 144 requirements, UL/CSA 
version, with flame retardant window and 
base, is not offered in 1%" IEC version 
not offered 1/z" and 4Y," To order, add ICSA, 
/UL or IEC after catalog number, or contact 
factory, 

For ratings and scales not listed contact 
factory, 

254420 MIMT 
254 NDND 
254420 NLNL 

254420 NTNT 

254 PDPD 
254 420 PKPK 
254 PZPZ 
254420 RLRL 
254 RSRS 

254420 RXRX 
254420 SFSF 
254 420 SJSJD 

254 FASM 

1 



DC VOLTMETERS ZERO~CENTER 

5-0-5 Volts 
10-0-10 Votts 
30-0-30 Volts 
50-0-50 Vo~s 
80-0-80 Volts 

150-0-150 Volts 
300-0-300 Volts 
500 Vofts 
600-0-600 Volts 

250121 LSLS 
121 
121 
121 

250121 

250121 PZPZ 
250121 RXRX 

DC VOLTMETERS EXPANDED SCALE 

Volts 
110-130 Volts 
220 260 VOlts 

DC VOLTMETERS RATED 1~O~1 rnA FOR USE WITH EXTERNAL 
RESISTORS NOT INCLUDED 

250105 fASF 
250105fASJ 
250105 FASM 

DC MICROAMMETERS ZERO-LEFT 

20 pA 
50 pA 

100 pA 
200 pA 
500 pA 

DC MICROAMMETERS - ZERO-CENTER 

1 rnA 
SmA 

lOrnA 

20 rnA 
25 rnA 
30 

SO rnA 

200 rnA 
250 rnA 

mA 

500 rnA 
SOD rnA 

PAGE 29 FOR 

Pivot and 
Jewel 

254 421 
254 RXRX 
254 SESE 
254 421 SJSJ 

254 NNNN 
438 PNPN 

254438 RTRT 

254405 FASM 

254401 DRDR 
254401 EAEA 
254401 EM EM 

254400 EAEA 
254 400 
254400 GZGl 

254 400 HEHE 
254400 HJHJ 
254400 HMHM 
254400 HYHY 
254 400 JJJJ 

400 KMKM 
254400 KWKW 

1 

3 
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DC MllLlAMMETERS 

101 rnA 
5-0-5 rnA 

10-0-10 rnA 
20-0-20 rnA 

30-0-30 rnA 
50-0-50 mA 

200-0-200 
250-0-250 rnA 
300-0-300 rnA 
500-0-500 rnA 

2501011«lKG 
250101 KMKM 

ZERO-CENTER 

DC AMMETERS ZERO-LEFT 

10Amp 
15 Amp 
20 Amp 
30 Amp 
50 Amp 

DC AMMETERS 

20 
30Arnp 
50 Amp 

100 

150 Amp 
700 
250 Amp 
300 

500 
600 Amp 
800 Amp 

1 Kiloamp 
1,5 
2 Kiloamp 

20 Amp 
Amp 
Amp 

75 Amp 
Amp 

Amp 
200 Amp 
250 Amp 

Amp 
Amp 

500 Amp 
Amp 

800 Amp 
1 Kiloamp 
2 Kiloamp 

250124 GBSF 

*Shunts are not included: ~m SOmV 

Pivot and 
Jewel 

254 FAFA 
254 401 FXFX 
254 GZGZ 
254401 HFHF 

401 HJHJ 
254 HMHM 
254401 HYHY 
754 JRJR 
254 JXJX 

254 KAKA 
254401 KDKD 
254401 KGKG 
254401 KMKM 

254400 MIMI 
400 NDND 

254400 NGNG 
254400 NLNL 
254400 NTNT 

254 424 ECSF 
254 424 ECSJ 
254 424 ECSN 

254 424 ECVA 
254424 [CVC 
254 424 [CV[ 

254424 GBNG 
424 GBNP 

254424 GBNT 
254 GBPB 
254424 GBPK 

254424 GBPl 
254 GBRL 
254424 GBRS 
254424 GBRX 
254424 

254424 GBSF 
254424 GBSJ 
254424 GBSN 

424 GBVA 
254424 GBVE 

1 



DC AMMETERS - ZERO-CENTER 

1-0-1 Amp 
2-0-2 Amp 

Amp 
10-0-10 Amp 
15-0-15 Amp 

70-0-20 Amp 
300-30 Amp 
50-0-50 Amp 

250101 LALA 
250101 LElE 
260 LSLS 
250101 MTMT 

DC AMMETERS 

20-0-20 Amp 
40-0-40 Amp 
50-0-50 Amp 
75-0-75 Amp 

100-0-100 Amp 

*Shunts afe not included: For 50mV shunts, see page 29 

AC VOLTMETERS -

3 Volts 
5 Volts 

10 Volts 
15 Volts 
30 Volts 

50 Volts 
100 Volts 

Volts 
300 Volts 
500 Volts 
600 Volts 

105-125 

Pivot and 
Jewel 

254401 NGNG 
254 401 
254401 NTNT 

254425 ECNP 
254 425 ECNT 

425 ECPB 
254 425 ECPK 

Pivot and 
Jewel 

254437 PNPN 
254437 PTPT 

5 
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to Volts 
15 Volts 
20 VollS 
25 
30 VollS 

50 VollS 
Volts 

100 Volts 
Volts 

200 Volts 

250 Volts 
300 Vults 

AC MICROAMMETERS AND MllliAMMETERS 

3 rnA 
5 rnA 

rnA 

Size 

250110 FNfN 
110 FXFX 

250110 GZGZ 
250110 HFHF 

1 

AC MllliAMMETERS -

to rnA 
25 
SOmA 

100mA 
200 rnA 

500mA 

AC AMMETERS -

1 Amp 
3 Amp 

Amp 
8 Amp 

10Amp 

15 
20 Amp 
30Amp 

SO Amp 

External Magnetic shield included 

RECTIFIER TYPE 

Pivot and 
Jewel 

410 EMEM 
254410 
254410 FA,A 
254410 FDFD 
254410 FGFG 

254410 FNFN 
254410 FXFX 
254410 GZGZ 
254410 HFHF 

1 



50 Amp 
Amp 

80 Amp 
100 Amp 
150 Amp 

200 Amp 
300 Amp 
400 Amp 
500 Amp 
600 Amp 
BOO Amp 

1.2 Kiloamp 
1.5 KlIoarnp 
200 
300 Kiloamp 

Type 251 and 255 
Horizon Line 

ACCUlrac.v: All DC and AC iron-vane; +2% 
of AC rectifier ±3% 
of full scale (with 60 Hz wave at 25° C)O 
When standard 60 Hz iron vane ammeters 
are used the extreme limits of 20 or 400 
Hz, additional error (approxo .75%) may be 
experienced. Expanded-scale voltmeters; 
±.5% of full scale valueo 

ANSI Specification: All meters meet ANSI 
Specitications C-3901 0 

Overload: Voltmeters (AC and DC) 50% 
~n~r>nt'H" 20% sustainedo Ammeters 
(AC and momentary: 10 times the 
rated current for 10 consecutive intervals 
of 05 second with 1 minute interval 
between successive applications; sustained: 

for six hourso 

Scale Data: 90 degree rotationo 

Scale Length: 
Size 
1 'h" 

Horizon Line 
1.50" 
2006" 
2088" 
3.93" 

Insulation Level: All meters (except 
2600 VRMS Hi-pot, 1'h"-1S00 VRMS Hi-pot. 

Burden Data: AC ammeter-5 amps, 05 va 
malL 0.5 power-factor lagging, Hzo AC 
Voltmeter-unity power factor. 

Response Time and Overshoot: 
Response time: 3 seconds (maxo) for 

3'h", 4'h" size for microammeters: 2 
seconds (maxo) for all other DC ratings, 
and 205 seconds (maxo) for AC ratingso 
Maximum of 40% overshoot 

Dimensions: See page 34-350 

How To Order 
To Order Horizon Line panel meters use 
the appropriate numbers provided 
in the tableso Taut instruments have 
a 251 prefix number, Pivot &jewel instruments 
have a 255 number, except AC Iron Vane 
prefix 251 

Ordering Examples: 

21/2", 300 V DC Voltmeter, zero left, taut 
band 251 220 RXRX 

20 2112", 300 V DC Voltmeter, zero left, 
pivot &jewel - 255 220 RXRX 

30 21/2",300 VAC Vane) pivot & jewel 
251 244 RXRX 

meters are available to meet UL 
ULlCSA version, with 

flame retardant window and base, is not 
offered in 11/2". To order, add /UL or ICSA 
after catalog number, or contact factory. For 
ratings and scales not listed contact factory 7 



DC VOLTMETERS 

1,0 Volts 
1.5 Volts 

5 Vults 
Volts 

10 Volts 
15 Volts 
30 Valts 
40 
50 Vults 

80 Volts 
100 Volts 
150 Volts 
200 Valts 
250 Volts 

300 Valts 
500 Volts 
600 Valts 

ZERO-LEFT 

DC VOLTMETERS - RATED 0-1 rnA FOR USE WITH EXTERNAL RESIS-
RESISTORS NOT INCLUDED 

DC VOLTMETERS ZERO-CENTER 
r-----------.------------r~ 

5-0-5 Volts 
10-0-10 Volts 
30-0-30 Volts 

Volts 
80-0,-80 Volts 

s 0 ,------,,--_____ _ 
eN 
AL 
Ly E L-_______ ~ _____ ___ 

DC MICROAMMETERS - ZERO-LEFT 

8 

PAGE 29 FOR 

Pivot and 
Jewel 

255420 LA LA 
255420 LCLC 
255420 LJLJ 
255420lSLS 
255420 MJMJ 

470 MTMT 
255 NDND 
255420 NLNL 
255420 NPNP 
255420 NTNT 

420 PDPD 
420 PKPK 

255420 PZPZ 
255420 RLRL 

420 RSRS 

255420 RXRX 
255 SFSF 
255420 SJSJ 

404 FASM 

255421 LSLS 
255 421 
255421 NLNL 

421 N1NT 
255 PDPD 

255421 PZPZ 
255421 RXRX 

421 SFSF 
255421 SJSJ 

EAEA 
EMEM 

1 



So 
eN 
AL 
L Y 
E 

DC MICROAMMETERS ZERO-CENTER 
r-----------.------------r~ 

20-0-20 ~A 
50-0-50 ~A 

100-0-100 pA 
"00-0-200 pA 
500-0-500 I'A 

DC MILLIAMMETERS 

1 rnA 

5 mA 
10 mA 

20 mA 251 HFHF 
25 rnA 251 HJHJ 
30 rnA 251100HMHM 
50 mA 251100HYHY 

251 100 JJJJ 

100 mA 251100 JRJR 
150 mA 251100 JXJX 
200 rnA 251100 KAKA 
250 rnA 2511ooKOKD 
300 mA 251100KGKG 

500 rnA 251100KMKM 
800 rnA 251100KWKW 

DC MILLIAMMETERS 

5-0-5 rnA 
10-0-10 rnA 
20-0-20 

250"25 rnA 
30-0-30 

mA 
100-0-100 mA 

200-0-200 rnA 
250-0-250 mA 

500-0-500 rnA 

251101 FXFX 
101 GZGZ 

251101 HFHF 

251101 HJHJ 
251101 HMHM 
251101 HYHY 
251101 JRJR 

101 

ZERO-LEFT 

ZERO-CENTER 

DC AMMETERS ZERO-LEFT 

10Amp 
15 
20 Amp 
30 
SO Amp 

20 Amp 
30 Amp 
50 Amp 
75Arnp 

100 Amp 

Amp 251124 ECl'l 
200 Amp 251124 ECRL 
250Amp 251124 ECRS 

300 Amp 251124 ECRX 
400 Amp 251124 ECSC 

Pivot and 
Jewel 

FAFA 

400 HFHF 
255400 HJHJ 

HMHM 
255400 HYHY 
255400 JJJJ 

255400 KMKM 
255400 KWKW 

FAFA 

rnx 
GZGZ 

255 HFHF 

255401 HJIU 
255 HMHM 
255401 HYHY 
255401 JRJR 
255401 JXJX 

255 KAKA 
255401 KDKD 
255401 KGKG 
255401 KMKM 

255 MTMT 
255400 NDND 
255400 NGNG 
255400 NLNL 
255400 NTNT 

255424 ECNG 
255424 ECNL 
255424 ECNT 
255424 ECPB 
255424 ECPK 

255424 E.CPZ 
755474 ECRt 

424 [CRS 
255424 [CRX 
255424 ECSC 

1 
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So 
eN 
AL 
Ly 
E 

10 

500 Amp 
600 Amp 
sao Amp 

20 Amp 
40 Amp 

75 Amp 
Amp 

Amp 
200 Amp 
250 Amp 

400 Amp 

500 Amp 
600 Amp 

Amp 

DC AMMETERS 
1-0-1 Amp 
2-0-2 
5-0-5Amp 

10-0-10 Amp 
Amp 

20-0-LO Amp 
Amp 

50-0-50 Amp 

3 Votts 
5 Votts 

10 Votts 
15 VolLS 
30 Votts 

50 Volts 
150 
300 
500 Volts 
600 Volts 

GBSE 
1l4GBSJ 
124 GBSN 

ZERO-CENTER 

255424 EeVA 
255424 
255424 EeVE 

255424 GBNG 
255 

424 GIlNT 
255424 GBPB 
255424 GBPK 

255424 GBPZ 
255424 GBRL 
255424 GBRS 
255424 
255424 GBSe 

255424 GIlS, 
255424 GBSJ 
255424 GBSN 

255424 GIlVA 
255424 GBVE 

255401 LALA 
255 LELE 
255401 LSlS 
255401 MTMT 

401 NDND 

:iSS 401 
255401 NLNL 
255401 NTNT 

225425 ECNP 
225425 
225425 ECPS 
225425 ECPK 

251 444 LJLJ 
251 lSlS 
251 MTMT 
251 NDND 
251 NLNL 

1 



AC VOLTMETERS TRANSFORMER 

AC VOLTMETERS 
10 Volts 
15 
20 

Volts 
30 Volts 

50 Volts 
BO Volts 
100 Volts 
150 Volts 
200 

250 Volts 
300 

251130NTNT 
251130PDPD 
251 

AC MICROAMMETERS AND MILLIAMMETERS 
500 
800 

1 

IRON VANE 60 Hz. 

RECTIFIER TYPE 

255430 NTNT 
255430 PDPD 
255430 PKPK 
255430 PZPZ 
255430l<lRl 

430l<SRS 
255430 RXRX 

Pivot and 
Jewel 

EM EM 
EWEW 

1 
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So 
eN 
AL 
LV 
E 

12 

AC MILLIAMMETERS 
10 
25 rnA 
50 rnA 

mA 
200 rnA 

500 rnA 

AC AMMETERS -
1 Amp 

Amp 
5 Amp 
8 

10 Amp 

AC AMMETERS -
10 
15 Amp 
20 Amp 
30 Amp 
40 Amp 

50 Amp 
Amp 

80 Amp 
Amp 

150 Amp 

Amp 
300 Amp 
400 Amp 
500 Amp 
600 Amp 
800 Amp 

Size 

Scale Malrkinll 

0150% Motor Current 
Green 0-100 
Yellow - 100-125, Red - 125-150 

AC LOAD 
- IRON VANE TYPE 

0-150% Motor Load Current 
Red Baod - 100-150 

Motor Load Current 
Green - 0-100 
Yellow - 100-125, Red 

KMKM 

251 NDND 
440 NGNG' 

251 440 NLNL' 
251 NTNT" 
251 440 PDPD~ 

251 440 LSMT 
251 440 LSND 
251 440 LSNG 
251 440 LSNl 

ISNP 

251 440 lSNT 
251 440 LSPB 

LSPD 
251 440 lSPK 
251 440 LSPZ 

251 440 lSRl 
251 440 LSI<X 

440 
251 440 LSSF 
251 440 LSSJ 
251 ISSN 

1 



Size 

- PIVOT AND ACCURACY ±3 PERCENT OF 
Hz FOR 45-55 AND AND 1.2 Hz FOR 380-420 RANGE 

120 50 
120 55 
120 60 

400 

208 50 
208 55 
208 60 55-65 
208 400 380-420 

45-55 
240 45-65 
240 
240 

NOTE: 

Accuracy: All DC and AC iron vane, ±2% 
of fullscale, AC rectifier ±3% of 
fullscale (60 Hz scale 
voltmeters ±5% of fullscale, order 
DC with mirror back scale (DC only) 31/2 
4112" Available @ ±1%, 

ANSI Specification: All meters meet ANSI 
Specifications C-39,1 (See page 14 for 
exceptions,) 

Overload: Voltmeters (AC + DC) 50% 
momentary, 20% sustained, Ammeters 
(AC • DC) momentary: 10 times the rated 
current for 10 consecutive intervals of ,5 
seconds with 1 minute interval between 
successive applications; sustained: 20% 
for six hours, 

Scale Data: 

ARC 90% 95% 

METER AC TAUT BANDI 
SIZE IRON PIVOT & 

VANE JEWEL 

1'h" 1,66" 

2ih" 2,15" 2,29" 

3'h" 2,10" 2,85" 

4'h" 3,80" 4,01" 

Insulation Level: 2600V/1 min, 
(2'h"-4'h") 
1500V/1 min, (1 'h") 

Response Time: 
3 seconds (Max,) Microammeters 
2 seconds (Max,) All other DC ratings 
2,5 seconds (Max,) - All AC ratings 
Maximum 40% overshoot 

Dimensions: See page 36, 

Burden Data: AC Ammeter 5 amps @ 60 Hz, 
Q,5VA, Max, ,5 Power factor lagging, AC volt
meter - unity power factor, 

Notes: 
Severe-duty meters are available to meet 
CSA or UL 1437 requirements in 2'h"-4'h" sizes, 
To order, add /UL or ICSA after catalog num
ber, or contact factory, 

13 
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DC MILLIVOLTMETERS ZERO-LEFT 

a-50 
0-100 

260124ECEC 
260124GBGB 

DC MILLIVOLTMETERS - ZERO-CENTER 

50-0-50 

DC VOLTMETERS 

0-1 
0-1.5 
0-2 
0-3 
0-5 

0-10 
0-15 
0-20 
0-25 
0-30 

0-75 
0-80 
0-100 

0-150 

0-2.50 
0-300 
0-500 

0600 

0-1000 

DC VOLTMETERS 

5-0-5 
10-0-10 
15-0-15 
25-0-25 
50-0-50 

100 0100 
150-0-150 
300-0-300 
500-0-500 
600-0-600 

DC VOLTMETERS 

5 ± 10% 
12 :1.10% 
15 ± 10% 
28 ± 10% 

;l10% 

120 ± 10% 
150 t 10% 
300 ± 10% 

DC VOLTMETERS 

avallable jn 

12 ± 10% 
28 ± 10% 

260125tCEC 
260125GBGB 

ZERO-LEFT 

260120LALA 
260lZ0lCLC 
260120LElE 

260120MTMT 
2601201'101'10 
260120NGNG 
2601201'111'1) 
260120NLNL 

260120NPNP 

260120PKPK 

2601201'21'2 
260120RlRl 
260120R5R5 

260120SFSF 

260120515) 
2601205MSM 
2601205S5$ 

ZERO-CENTER 

260121lSLS 
260121MTMT 
260121NONO 
2601211'1)1'1) 
260121NTN1 

260121PKPK 
2601211'21'2 
26012!RXRX 
260121$FSF 

EXPANDED SCALE 

PERCENT DEVIATION ±.05% FULL SCALE ACCURACY 

26~424ECtC 
261 _ 424GBGB 

26L425ECEC 
425GBGB 

26C420LALA 
26i420lCLC 

420lElE 
-420LJU 
_ 420LSlS 

26L420NlJNlJ 
26L420NGNG 
26C420NJNJ 

420NLNL 

i420NPNP 
26,1420NTNT 

26:J420f'DPD 

26 :l420PZPZ 
26 i420RLRL 
26,1420RSRS 
26 i420RXRX 
26'-1420SFSF 

Z6CJ 420SJ5J 

26=:4205555 

26~421LSL5 

:421MTMT 
26C421NDND 

26,1421 NTNT 

26'-1421P2P2 

2FJ421SFSF 
26=:J 4215J5J 

26:J 438LYLY 
26,1438MYMY 
26~ 438NFNF 
26':; 438NHNH 
26:: 43BNSNS 

26C438PPPP 
261 : 43SPVPY 

- 43BRWRW 

1 



DC MICROAMMETERS 

010 
0-20 
0-50 
0-100 
0-200 

DC MICROAMMETERS 

ZERO-LEFT 

26010013282 
260100cFCF 

260100EMEM 

ZERO-CENTER 

10-0-105 260101B2B2 
25-0-25 
50-0-50 260101CYCY 
100-0-100 
500-0-500 260101 EMEM 

DC MILLIAMMETEERS ZERO-LEFT 
0-1 260100FAfA 
0-2 260100FGFG 

260100FNfN 
o 5 260100FXFX 
0-10 2601ooG2GZ 

0-15 260100HCHC 
0-20 2l)OlooHFHf 

260100HJHJ 
0-30 260100HMHM 
o 2j)01ooHYHY 

0-100 
0-150 
0-200 
0-300 
0-500 
0'750 

DC MILLIAMMETERS ZERO-CENTER 
1-0-1 
5-0-5 
10-0-10 
25-0-25 
50-0-50 

100-0-100 
200-0-200 
5000·500 

DC MILLIAMMETERS 
0.25-1.25 
1-5 
4-20 
10-50 

These meters are supplied with 

0-2 
0-3 
0-5 

0-15 
0-20 

NOTE ON ORDERING; The 
ot the following: 0 for Surface 
(Taul Band). 

260101FAFA 
Z60101fXfX 

2Ml01HJHJ 
2601 01 HYHY 

2Ml01JRJR 
260101KAKA 

labeled PERCENT. 

260100MT.MT 

window mount 
Surface Mount (Pivot & 

26: :400B28Z' 
2G~ 400CFCF' 
26-.J400CYCY 
26 i400DRDR 
Z6~400EAEA 

26:::J400~MEM 

26 -.J 401 BZBZ' 
26 i401CJCJ 
26:J401CYCY 
26-.J401 DRDR 
26: 1401EMEM 

~T3Ut 8{:lnd 

26[J400FAFA 
26 L' 400FGFG 
26l 

400FX,X 
26~400GZGZ 

. 400HCIIC 
?6~ 400HFHF 
26L:400HJHJ 
261 400HMHM 

400HYilY 

26L400KMKM 
261 : 400KUKU 

26;1401FAFA 
26~401FXFX 

26=:401GZGZ 
26L401HJHJ 

401HYHY 

26;-- 401JRJR 
-401KAKA 

400HXHX 

.400lAlA 
26 [= 400lClC 
2Ee:: 400lELE 
26 [: 400LJLJ 
261 -400lSlS 

26l.400MTMT 
26~ 400NDND 
26e::400NGNG 

1 

15 
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DC AMMETERS 
0-25 
0-30 
0-50 

DC AMMETERS - ZERO-LEFT 

0-15 260124ECND 
0-20 260124ECNG 
0-25 Z00124ECNJ 

260124ECNL 
260124ECNT 

0-75 260124ECPB 
S 0 0-100 260124ECPK 
C N 0-150 260124ECPZ A 
l l 0-200 260124ECRl 
F 

y 0-300 200124ECRX 

0-500 
0750 
0-1000 
0-1200 
0-1500 
0-2000 

DC AMMETERS - ZERO 

0-75 
0-100 
0-150 
0-200 

C ~ 
0-300 

A 
• 

0-500 

~ y 0-750 
0-1000 
0-1200 
0-1500 
0-2000 

DC AMMETERS 

1-0-1 
3-0-3 
5-0-5 

10-0-10 
15-0-15 

DC AMMETERS 

c () 
A 

15-0-15 
25-0-25 
50-0-50 
75-0-75 

100-0-100 

200 0-200 

260124G85F 
260124G8SM 
200124(;855 

=Shunts are included. See Page For 50mV Shunts. 
NOTE ON ORDERING: The and numbers in this refer to surface and 
the following: 0 for Surfacn (Taut Band), for Window Mount (Taut Band), 4 for Surface Mount 
Band)J 

Tn 

26~424eCND 

26::424ECNG 
26~424ECNJ 

26~A24ECNT 

26::::424ECPB 

26,:424ECPZ 
26: :424ECRl 

:424ECSF 
26: 1424ECSM 

26 CJ 424ECSV 
26 1424ECTC 
26,l424ECTM 

26,I424GBPB 
26: 1424GBPK 
26,-1424GBPZ 
26::1 424GBRL 

1424GBRX 

26: : 424GBSF 
26~424GBSM 

76:::: 424GBSS 

26c~424GBTC 

26:::: 424GBTM 

26:1 425ECRL 
26::1 425lcCRX 
26,I425ECSC 
26~425ECSF 

in the number with either of 
is only available Surface Mount (Taut 

1 



0-5 

0-15 
025 

0-50 
0-100 
0-150 
0-300 
0-500 
0-600 

AC VOLTMETERS 

c 0 

A ~ 
~ y 

0-750 
0-1500 
0- 3000 

AC VOLTMETERS 

105-125 
210250 
95-135 
190-270 

AC VOLTMETERS 

0-500 
0-5 
0-10 
0-15 
0-30 
0-50 

0-100 
0-150 
0-300 
0--500 
0-600 

AC VOLTMETERS 

~ 0 
N 

L L 
[ Y 

0-600 
0-/50 
0-3K 

'Iron Vane, Pivot & Jewel use 

26~430LJLJ 

26r:430MTMT 
26C430NDND 
26 ,; 430NJNJ 

26:J430NTNT 
2LJ430PKPK 
26 -] 430PZPZ 
26r:430RXRX 
26~430S~Sf 
26:_,4305J5J 

26[- 430PZSM 
26L430PZTC 
26[ A30PZUA 

26L437PTI'T 
437RRRR 

26r:437P1PJ 
26L::437RKRK 

444PKPK 
26r: 444PIPl 

26"1444P25J 
26:J 4441' l5M 
26,J444PZVJ 

o for Surface Mount, 1 for Window Mount. Also, For Transformer Rated Voltmeters 
See 29 For Transformers. 

AC MllllAMMETERS 
0-1 

010 
0-2S 
0-50 

0-100 
0-200 

Sec page 18 for notes on ordering. 

260110HJHJ 
260110HYHY 

260110JRJR 

26 CJ 41 OFAFA 

26:1410GZGZ 
2FJ410HJHJ 

1 
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AC AMMETERS - TAUT 

0-1 
0-1.5 
0-2 
03 

0-10 
0-15 
0-20 
0-25 
030 

ACAMMETERS 

~ 0 
N 
L 

, Y 

0-60 
0-75 
0-100 
0-150 
0-200 

0-300 
0-400 
0-500 
0-600 
0-800 

0-1000 
0-1500 
0-2000 

ACAMMETERS 

0-1_5 
0-2 

0-5 

0-10 
0-15 
0-20 

0-30 

0-50 
0-50 
0-75 
0-100 
0-150 

s 0 
C N 0-300 
~ L 0-400 

> 
y 

0-500 
0-600 

0-800 
0-1000 
0-1500 
0-2000 

TAUT 

TAUT 

260110L5L5 

260110MTMT 
260110NDND 
260110NGNG 
250110NJNJ 
260110NLNL 

260110LSNl 
250110LSNW 
260110LSPB 
760110LSPK 
260110LSPZ 

260110LSRX 
260110LSSC 
260110lSSF 
260110LSSJ 

260110LSSN 
260110LSSS 
260110LSTC 
260110LS1M 

AC MllliAMMETERS - IRON 

0-10 
0-25 
0-50 
0-100 
0-250 

NOTE ON ORDERING: The 

EACH METER IS SUPPLIED 
WITH AN EXTERNAL C.T. WITH 
INPUT RANGE MATCHING 
fULL SCALE INPUT. 

METER SUPPLIED WITH 5 
AMP EXTERNAL C_T_ 
USER MUST PURCHASE 
ADDITIONAl C_T_ Of 
PROPER SCALE RANGE 
WITH 5 AMP SECONDARY 
TO CONNECT TO EXT. 5 
AMP C.T, SUPPLIED, 
SEE CATALOG 500 CTPT, 

or for 

26L410LAI A 
261: 410LCLC 
261410LELE 
26L410LJLJ 
26: 

26::J410MTMT 

26:J410NGNG 
26~41ONJNJ 
26::J410NLNL 

261 :410LSRX 
261-: 41 OLSSC 
26C410LSSF 
26LA10LSSJ 
261: 410LSSN 

60Hz±10% 

Mount 

1 



AC AMMETERS - IRON 

0-1 
0-1,5 
0-2 
0-3 

0,10 
0,15 

0-25 
0-30 

ACAMMETERS IRON 

c 0 
A N 
L L 
, Y 

240 

0-10 
0-15 
020 
0-30 
0-40 
050 

0-75 
0-80 
0-100 
0,150 
0-200 
0-300 

0-400 
O-SOO 
0-600 
0-800 
0-lK 

0,1,5K 
0-2,OK 
0-3,OK 

50 
55 
50 
400 

50 
60 
400 
55 

only 0 fur Surface Mount, 1 

45-55 
45-65 
55-65 

380-420 

45-55 
45-65 
55-65 

380-240 

45,55 
55-65 

NOTE ON ORDERING: Tile ranges and 
the following: a for Mount (Taut Band), 

refer to both surface ~r1d window mount meters. To 
4 for Surface Mount (Pivot & or 5 for Window 

26::440NDND 

26" 440NGNG 
26~440NJNJ 

26~440NlNL 
26~; 440NTNT 

50-400Hz* 

26,-,440LSMT 
26 '440LSND 
26 ,~: 440lSNG 
26~440LSNl 

26C440lSPB 
26~440LSPD 

26:: 440LSPK 
26 440lSPZ 
26C440LSRl 
26' : 440LSRX 

26::= 440LSSC 
2SL:;440LSSf 
26~440LSSJ 
25i440LSSN 
26 r: 440lSVA 
26~440lSVB 

26 r: 440lSVC 
26C440lSVE 
26C440lSVJ 

26~450AGAG 

26:J 450AJAJ 
26~450ANAN 

26 :1450BKBK 

26 1450GGGG 
26 CJ 450GJGJ 
26=:J450GNGN 
26=J450HKHK 

26[; 450DGDG 
26C450DNDN 
261 ;450EKEK 
26C450DJDJ 

in the catalog number with either of 

1 
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DC VOLTMETER - ZERO-lEFT 

1.0 Votts 
1.5 

Volts 
Volt"; 

8 Volts 
10 Volts 
15 Volts 

Volts 
80 Volts 

Volts 
150 Volts 
200 Volts 

DC VOLTMETERS ZERO-lEFT, 

(See pages 2, 3, 8) 

RATED 0-1 rnA DC, FOR USE WITH 
EXTERNAL RESISTORS 

~ a 500 Votts 
A N 600 

~ ~ /50 Volts 

DC VOLTMETERS - ZERO-CENTER 

DC VOLTMETERS 
RATED 1-0-1 rnA FOR USE WITH 
EXTERNAL RESISTORS 

(See pages 3-5, 8-10) 

DC MICROAMMETERS - ZERO-lEFT 

DC MICROAMMETERS 

20-0-20 
50-0-50 

100-0-100 
200-0-200 
500-0-500 

ZERO-CENTER 

DC MllUAMMETERS ZERO-lEFT 

DC MllllAMMETERS - ZERO-CENTER 

1-0-1 rnA 

25·0-25 rnA 
30-0-30 rnA 
50-0-50 rnA 

i00-0-GO 
150-0·150 rnA 

200-0-200 rnA 
250-0-250 rnA 
300-0-300 
500-0-500 rnA 

DC AMMETERS - ZERO-lEFT 

10 
15 Amp 
20 Amp 
30 
50 Amp 

DC AMMETERS 
SHUNT RATED 

s 0 Amp 
c N 200 Amp t I Amp 
E Y 

Amp 

500 Amp 
Amp 

800 Amp 

Kjlaamp 
2 Kiloamp 

1 



DC AMMETERS - ZERO-LEFT, 100 mV, 
SHUNT RATED 

20 Amp 
40Amp 
SO Amp 
75 Amp 

100 Amp 

o lS0 Amp 
200 

L L 250 Amp 
,Y 300 Amp 

400 Amp 

500 Amp 
600 Amp 
800 Amp 

1 
2 Kiloamp 

DC AMMETERS 

AC 

20-0-20 Amp 
50 0-50 Amp 

Amp 
100-0-100 Amp 
150-0150 Amp 

15 Volls 
Volls 

50 
100 Volts 
150 Volts 
300 Volts 
500 Volts 

600 Volts 

ZERO-CENTER 

10 Volts 
15 Volts 
20 Volts 
25 Volts 
30 Volts 

50 Volts 
80 

100 Volts 
Volts 

200 Volts 

Volts 
300 Volts 

10 rnA 
25 mA 
SOmA 

100 rnA 
200mA 

500 rnA 

1 Amp 
Amp 

5 Amp 
Amp 

10Amp 

15Amp 
20 Amp 
30 Amp 
SO Amp 
80Amp 

(See pages 6-7,11-12) 

AC AMMETERS - TRANSFORMER RATED 
60 Hz 5 AMPERES 

50 Amp 
75 Amp 

s 0 80 Amp 
eN 100Amp 
~ L 150 Amp 
f Y 

200 Amp 
300 Amp 
400 Amp 
500 Amp 
600 Amp 
800 Amp 

1 Kiloamp 
1,2 Kiloamp 
1.5 Kiloamp 
2_0 
3_0 Kiloamp 

1 



10 uA 
20 uA 
50 uA 

100 uA 
200 
500 "A 

10-0-10 uA 
25-0·25 uA 

100-0-100 uA 
500-0· SOD uA 

1 rnA 
2 rnA 
3 rnA 
5 mA 

lOrnA 
15 rnA 
20 
25 rnA 
30 rnA 
so mA 

100 rnA 
150 rnA 
200 rnA 
300 mA 
500 rnA 
750 rnA 

DC MllliAMMETERS 

1-0-1 mA 
5-0-5 rnA 

10 010 rnA 
25-0-25 mA 
50-0-50 

100-0-100 rnA 
200-0-200 
500-0-500 rnA 

0.25-1.25 mA 
1-5 rnA 

10-50 rnA 

DC AMMETERS - SElF-
CONTAINED 

SHUNT RATED 

15 Amps thru 2000 Amps 

SHUNT RATED 

CONTAINED 

DC AMMETERS 

~Contact 
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AC VOLTMETERS 

600 Volts 

AC VOLTMETERS -

105-125 Volts tllfU 

190-270 vons 

300 
500 Volts 
600 Volts 

(See page 17) 

RECTIFIER TYPE 

(See pages 17-19) 

AC MILLIAMMETERS -

1 mA 
5 mA 

10mA 
25 rnA 
50 rnA 

100 rnA 
200 rnA 
500 rnA 

RECTIFIER TYPE 

AC AMMETERS 

ACAMMETERS 

ACAMMETERS 

RECTIFIER TYPE 

TRANSFORMER RATED, 
0-5A, RECTIFIER TYPE 

SEPARATE TRANSFORMER 
RECTIFIER TYPE (1 '/z" 

AC MILLIAMMETERS IRON VANE, 
CONTAINED,50-400Hz 

,-------------------
mA 

25 mA 
rnA 

100 rnA 
250 rnA 
500 rnA 

ACAMMETERS 

1 
1.5 Amps 

2 Amps 
3 Amps 
5 

10 Amps 
Amps 

20 Amps 
25 Amps 

Amps 
50 Amps 

AC AMMETERS - IRON 
RATED,0-5 

3KAmps 

~CorTtaL-"t Factory 
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New Square Case Back of Panel 
Unmounted Panel I\IIn"ln,r .. n 

Accuracy: Matches frequency control of 
power system. 

Vibration Shock: Meets ANSI Specification 
C39.1 

Materials: Case of clear Polycarbonate, frame 
of black Polycarbonate, brass terminal studs, 
Polycarbonate front covers. 

Type 240 elapsed-time meters are rec
under the Component Program of 

Underwriters' Laboratories. (UL File #E44857) 
CSA 

2'h-INCH NEW BIG LOOK - 60Hz 

3'h-INCH NEW BIG LOOK 60 Hz 

ROUND CASE 2'h-INCH 60 Hz 

ROUND CASE 3'h-INCH 60 Hz 

Input Range: All Type 240 models available 
to operate on 120 or 208/240 480 volts AC, 
50 or 60 Hertz. 

Sealing: All non-reset 240 models are 
weather resistant. window and no-

screw holes for flange or back-of
protect motor, counter, and 

or panel wash-down. 

Presentation: 6-digit counter in %/' high hours 
and tenths of hours or minutes and tenths ot 
minutes. 

Insulation Level: Operating at 120, 208, 240 
or 480 volts AC, will pass Hi-pot of 2000 VRMS 
for one minute. 

Round Case Conduit Case 

Burden: 3 Watts typical. 

Dimensions: See pages 38 & 39. 

Motor: Telechron, Model 5-1 

Features: 
Back-aI-panel model 
2'h" and 3'1/' New Big Look models 
2'h" and 3'1/' Round and Square models 
Conduit-case models 
Complete interchangeability 
electrically with most GE Types 
models 
Optional 3 stud 
New Big Look style 

is available on 3-h" 
meters only. 

1 



BACK-OF-PANEL - 60 Hz 

CONDUIT-MOUNTED CASE 2'k-INCH 60 Hzt 

t Replacement meters tor conduit mounted models not available as a item. However, motors can be supplied renewal part. 

50-HERTZ RATINGS FOR NEW BIG lOOK OPTIONAL 3-STUD MOUNTING 
For 50 Hz service simply select the identical 60 Hl catalog For 3-stud mounting option New Big Look only) simply select 
number and letters 7 & B as follows: 

240213 • 
AA = 120V, 60 Hz 
AS 20B/240V, 60 Hl 
AC 480V, 60 Hz 
AD = 120V, 50 Hz 
AE = 208/240V, 50 Hz 
AF 480V, 50 Hz 

Features: Completely Shielded case, No spe
cial calibration required for panel material -
uu,,!.-uum cases Stack mounting of meters 
is with all sides of meter case flush -
Optional bezel and mounting bracket for 1- or 
3-unit stack Zero regUlator provided in rear 
of case, 

NOTE: Mounting hardware is not included, 

the identical 4-stud catalog number and change letters 9 & 10 
follows: 

240313AA" 
AB Std 4 stud mounting 
AC Optional 3 stud mounting 

Conduit case #2579K10G0700 can be ordered as a replacement item for 
the 240 25""* elapsed time meter assembly or for use with a Big 
Look meter. 

Horizontal Type 185 

Accuracy: DC Meters ±2% of full scale, AC 
rectifier type ±3% (60 Hertz sine wave at 
25°C), 

Overload: Voltmeter - 50% momentary, 20% 
sustained. Ammeter - 900% momentary. 20% 
sustained, 

Scale Data: 53 degrees rotation, Length 
1.785", 

Meter with Bezel 

Insulation level: 1800 VRMS Hi-pot 

Response Time: 
3 secons (max,) for microammeters; 
2 seconds (max,) for all other DC ratings; and 
2.5 seconds (max,) for AC ratings, 

Overshoot: Maximum of 40%. 

Dimensions: See page 37, 

1 1 



10V 
15 V 
30 V 

V 
100 V 
150 V 
300 V 

DC VOLTMETERS 
2000 OHMSIVOLT 

DC VOLTMETERS ZERO-
RATED 0-1 rnA, FOR USE WITH 

EXTERNAL RESISTORS NOT 
INCLUDED PAGE 29 FOR 

50 

DC MICROAMMETERS 
SElF -CONTAINED 

SCALE 

1 rnA 
5 rnA 

lOrnA 
20 
50 

500 

DC MILLIAMMETERS 
SELF-CONTAINED 

ZERO
<;;FI F-I:':nI\lT ... A""cu. LINEAR-

SCALE 

1 Amp 
5 Amp 

10 Amp 

DC AMMETERS 
CONTAINED 

SElF-

DC AMMETERS ZERO-
LINEAR-SCALE 50 rnV SHUNT 

SHUNTS & LEADS NOT INCLUDED. 
RES. RANGE: 

20 Amp 
Amp 

300 Amp 
500 Amp 

AC VOLTMETERS RECTIFIER TYPE, 
ACCURACY ±3 SELF-
CONTAINED, LINEAR-SCALE 1000 
OHMS/VOLT 

10 V 
15 V 
30 V 
50 V 

100 V 
150 V 

AC MICROAMMETERS - RECTIFIER TYPE, 
ACCURACY ±3 SElF-

LINEAR-SCALE 

AC MILLIAMMETERS RECTIFIER 
ACCURACY ±3 PERCENT, SELF

mA 
10 mA 
20 mA 

LINEAR-SCALE 

1 



These meters are designed to meet all 
applicable sections of ANSI C39.1. 

Accuracy: ±2% of full scale, DC meters; 
with 60 Hz sine wave at 25°C for AC 

rectifier type meters. 

DC VOLTMETERS 
0-10 VollS 
0-15 Vol!s 
0·30 Volts 
0-50 Volts 
0-100 

0-150 
0-200 
0-300 

15-0-15 
30·0-30 

150-0-150 Volts 

1000 OhmslVol! 
286 PZPZ 

286 012 NONO 
286 012 NLNL 

Overload: DC Voltmeters 20% momentary 
and sustained; DC ammeters (momentary) 
10 times the rated current for 10 consecutive 
intervals of .5 second with 1 minute intervals 
between successive DC 
ammeters (sustained) -

Dielectric (Hi-pot): 1500 VRMS for l'h" and 2'1/' 
sizes: 2600 VRMS for size. 

Response Time: 3 seconds max for 
meters, 2 seconds (max.) for mA, A, & V 
meters. 

Pointer Color: red standard. 

Z8eOllMTMT 
286013 NOND 
286013 NlNl 
286013 NTNT 
286013PKPK 

286013 PZPZ 

Bezel and Mounting Hardware: Included 
with meter. See below for additional 
information. 

Overshoot: 25% (max.) for 1 :C size, 
40% (max.) for 2'1,' and sizes. 

Scale Data: All three sizes for 53 
degrees deflection. Scale 
size = 1.25", Zh" size size 
Note: All scales have linear distributions. 
1 OV, 15V, 30V Rectifier scales will be non-linear. 

Dimensions: See page 38. 

DC VOLTMETERS 0-1 FOR USE WITH EXTERNAL RESISTORS NOT 
INCLUDED PAGE 29 FOR 

0-500 Vol!s 
0-600 
0-750 Vol!s 43.2 Ohms 



So 
eN 
AL 
Ly 
E 

DC AMMETERS SELF -CONTAINED 
0-50 ~A 
0-100 ~A 
0-200 ~A 

~A 

0-1 mA 
0-5 rnA 
0-10 rnA 
0-25 rnA 
0-50 mA 

0100 rnA 
0-250 mA 
0-500 mA 

0-1 Amp 
0-1,5 Amp 
02 Amp 
0-3 
0-5 

1 Amp 
Amp 

10Amp 
<'0 Amp 
50 Amp 

300 Amp 
500 Amp 

1 Amp 
5 Amp 

10Amp 
20Arnp 
50 Amp 

300 Amp 
500 Amp 

1,980 Ohms 
990 Ohms 

1,340 Ohms 
235 Ohms 

43,2 Ohms 
3,3 Ohms 

50tmlS 
Ohms 

1,0 Ohms 

Ohms 
0,1 Ohms 

Ohms 
0,033 Ohms 
0,025 Ohms 

0,0167 Ohms 
0,01 Ohms 

990 286 
1.340 Ohms 286 
432 Ohms 286 

Ohms 
SOhms 

Otuns 
0.005 Ohms 

'Shunts nut included, See Page 29 tor 50rnV shunts, 

AC VOLTMETERS RECTIFIER TYPE 

0-10 Volts 
0-15 
0-30 Volts 
0-50 Volts 

0-100 Volts 
0-150 Volts 

1000 

AC AMMETERS - RECTIFIER TYPEd 

0-500 
0-1 
0-5 rnA 

1267 Ohms 
758 Ohms 

286113 fAFA 
286113 
286 
286 
286113 HYHY 

286113 
286 KDKD 
286113 KMKM 

286153EMEM 
286 
286 
286 GZGZ 
286153 HFHF 

special, but is not per ANSI C39.1. Contact fBctury for more information. 
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AC CURRENT TRANSFORMERS 

50:5 

75:5 

100:5 

150:5 

200:5 

250:5 

300:5 

400:5 

500:6 

600:5 

750:5 

800:5 

1000:5 

1200:5 

AC VOLTAGE TRANSFORMERS 

Voltage 
Rating 

primary:secondary 

69,3:120 

120:120 

208:120 

240:120 

288:120 

300:120 

480:120 

600:120 

"2 transformers in one case ... 480V & fiOOV connected 

See 500CTPT-B. 

RESISTORS 

1000 Ohms/Volt, 1 milliampere DC full scale 

'Voltage level Catalog No. Dimensions 

500 2227 

600 V 222702 

750 V 222703 

800 V 222704 

2227 

kV 2227 06 

2227 07 

'Other voltage levels available. 
SIDE VIEW 

TOP VIEW 

Window 
diameter 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.56" 

1.;'6" 

3VT-460-069F 

3VT-460-120F 

3VT-4fiO-240F 

3VT-460-288F 

WINDOW ASSEMBLIES 

'V'M'''''''''J. BEZEL KITS 

Look Horizon Line -
Size Mask 

11/2" NIA 5203K21 PODOl 
1/2" 3830K20P7005 5203K18POOOl 

31/2" OOOUKLU" IUUO 5203K19POOO1 
41/2" 3830K20P7004 5203K20POOOl 

INSULATING CAPNUTS 

For Stylist meters 
10-32 terminals 

For BlIHL Meters 
1/4-28 terminals 

iNSULATING 
I;;AP 

NUT 

Stylist Surface mount only 

Metallic Black 
Bezel Kit Bezel Kit 

N/A N/A 
B9015KX B9015KY 

B9015LX B9015LY 
B9015MX B9015MY 

B9015HM 

B9015HN 

DC AMMETER SHUNTS 50 millivolt only 
Catalog no. Rating Catalog no. Rating 

221501 1 221514 150 Amp 

221502 1.5 Amp 221515 200 Amp 

221503 2 221516 300 Amp 

221504 3 Amp 221601 500 Amp 

221505 5 221602 750 Amp 

221506 7.5 Amp 221603 1 Kiloamp 

221507 10 Amp 221701 1.5 Kiloamp 

221508 15 Amp 221702 2 Kiloamp 

221509 20 Amp 221703 3 Kiloamp 

221510 30 Amp 221704 5 Kiloamp 

221511 50 Amp 221705 7.5 Kiloamp 

221512 75 221706 10 Kiloamp 

221513 100 Amp 

OTHER ACCESSORIES 
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1, Scales 
deviation from standard scale information on listed items 

constitutes a scale""""" 
2, color on scale (black on white-std) 

Each special color on scale constitutes one ",,"'"''''"''' 

3, Mirror-back Scale includes ",""".,,''''" 

4, Nonlisted " .. ,"",.,""", .. ,", .. ,", .. ".,", .. , .. '''''''".,,, .. ,, """ .. ,,"""" 
5, voltmeters (DC 

for DC voltmeters is 1 000 ohms/volt 

6, 

7, 

8, Nonstandard lead resistance """"""'" """"""""""""""""""""",,"""""""'" 

Standard two-way shunt lead resistance for shunt-rated ammeters, 50 or 
100 millivolt, is 0,065 ohms, these meters can be used with a 
wide range of lead resistances with very small additional errors, 
However, if calibration for a specific value of lead resistance other than 
0,065 ohms is contact 

9, Calibration for 

for meters mounted 0 to 19 
vertical position, 

10, Calibration for 25-400 Hertz, For calibration at 
greater than 400 Hertz, refer to 

11, Special terminal resistance 

nonstandard terminal resistance requirements or close 
tolerance on terminal resistance should be referred to the 

12, Red 

13, Black scale with white or red pointer 

from 

14, case and cover material on available materials), 

5, window """""""""""""""",.".".".".".".".""""""""""""""""""'" 

6, ± 1 % FS accuracy at one point on scale, 
FS over balance of scale) 

Extra Hardware"""."."." ".,,"""""'" 

19, 

20, 

21, Lead 

22, UL 1437 Materials 

23, External Shield (2'h-4'h" 
(Standard on AC Ammeters 20 amps or 

24, IEC Standard 144 

New Big 
Look 

Horizon 
line 

Panel 
Meters 

X 

X 

X' 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X2 

X 

Frequency 
and 

Expanded 
Scale 

Voltmeters 

X 

X 

X' 
X 

X 

N/A 

N/A 

N/A 

X 

X' 

N/A 

X 
X 

X 

X 

N/A 

X 
N/A 

N/A 

N/A 

N/A 

X 

N/A 

X 

X= Available Note: 2'h" -4'h", HL 3'h" -4'h" 
N/A Not Available 2, Horizon Line and New Look 

3, Scale Voltmeter 

Stylist 
Series 

X 

X 

X' 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

N/A 

N/A 

185 
and 280 

Edgewise 

X 

X 

N/A 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

N/A 

N/A 

N/A 

N/A 

X 

N/A 

N/A 
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The studs on the New 
Look, Horizon Line and 

Series Surface Mount can be 
ordered to fit your panel 

at no extra cost. These 
ntc,rr"~Y>no,~h.lo with a 

and a cross-reference of many 
"",I",-p,npnf instruments are listed 

need for 
setups, and of panels 
and it solves your instrument 
replacement problems, 

Stud 

Ne-\I 1001': 
{l~11I)1'I ~ 

(Biii'lU!i1 1¢ ()O1~11'1 NQ I 
0C=lII:0r'l l~whE'f"i 

4 !l;lulZ ~re WII119~) 

St:lirrJ;u;l 
I k.!ri'~n Lim~ 

HOI'Ii"QI1 L rPil 

i)~ll;)p "'I\;' .' 

l-t.,I·i~r Li'la 
Nv.l 

II) SLlllntJElld 
k1I::.iIIlQ~ - ylllecl WI"l"1 
4 !'i11..1H. ~i"I!! w!II'II~LfI 

OlJliu'lNo .• 
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5 5 Op1 Op1 Op1 

(square) NA NA Op1 Op1 NA 

NA NA Op2 Op2 NA CBO CBO CBO 

5 5 NA Op2 Op2 5 NI NI Op1 

NA Op1 Op1 5 NA 5 5 Op1 Op1 Op1 

NI 5 5 Op2 Op2 5 NI NI Op1 

Triplett G, PL M, 327, 3375, etc. 5 Opl Opl 5 5 S 5 S Opl Opl Opl Opl 

Triplett 221T, 331 S, 351T, etc, NA S S 5 NA Op2 Op2 S NA NI NI Opl 

API Panelist NA NI 5 NA NI S 5 NA NI Opl Opl 

Westinghouse G NA Op1 NI NI NA 5 NI NI NA NI NI 

Ammon, AP S S S 5 S Op2 Op2 5 Opl Opl 

Beede, 614,23 etc, NA Opl Op1 5 NA 5 S 5 NA Opl 

Hoyt Custom 2035 5 Op1 Op1 5 S 5 S S Opl Opl 

Hoyt 1035, 680, etc, NA S S 5 NA Op2 Op2 S Opl 

Ideal 250P, K350P, 460P NI Op1 Op1 5 5 S 5 Opl 

Ideal 275Pr, 305BR NI S S 5 NI Op2 Op2 5 Opl 

Simpson Wide-Vue S Opl Op1 5 S 5 S 5 Opl 

Modutec S, S Op1 Op1 5 S 5 S 5 5 

Modutec PB CBO S S CBO CBO 5 S 5 

Sun 2830, 3K 25, etc, NA S S S NA Op2 5 

Mercer 924 CBO CBO CBO 5 CBO CBO 

016 Fiesta CBO CBO CBO CBO 

Crompton 223, 225, 227 CBO Op1 Op2 5 CBO 

Code: 
- Interchangeable with Standard pin configuration, 
- Interchangeable with 1, 
- Interchangeable with 2, CBO 

1 New Look 1'hinch 250 

1. No. 8-32 NC 2A (2 term studs) 

-B-
2 .. 140" dia. (2 
3. N. 4-40 NC 2A (2 

A H 



2. New 
*2.270 dia. with shield 

A 

, I I . C -I 

I~ 
B 

3. New Look 31/2-inch 
*2.860 with shield 

4. New Look 41/2-inch 
*2.860 dia. with shield 

~ C 
I~ 

D 

I 

250 & 254 

I 
G 
I 

H 

250 & 254 

250 & 254 

I 
G 

I 

,J: 

, 
i 

, 

.' 

1. No. 4-40 NC 2A (3 Studs) t· ~" -; 

2. 140" dia. (No. (3 holes) 
3. 1/4" -28 NF 2A thd. 

1. No. 4-40 NC 2A (3 
2. '/.," 28 NF 2A thd. 
3 .. 140" dia. 28 (3 

H l .. 
I r 

I I E 
, 

J , 
L Iii I 

t 
-D --I 

0 --
l1li_::11-I11III"", 

1. No, 4-40 NC 2A (4 Studs) 
2. 1/4" - 28 NF 2A thd. 
3 .. 140" dia. 28 (4 holes) 
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5 Horizon Line 1'k-inch 
251 & 255 

6. Horizon Line 2'k-inch 
251 & 255 
dia. with shield 

r 
Q 

A 

v 

R 

IN 

l, 
" 

t s 
l 

no' 
IIIIIIIfIL MIL. C 

FJI6I rV1iI1 .... "1"'1.& 

___ ,., I''/: 
...... ~~.~ 'Jill" 1'1 
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7. Horizon Line 3'h-inch 
251 & 255 
dia. with shield 

c 

A. 

-'- '----.,-, -+-----

p 

. 
1J".4::IIJ1/K.1 .} 

::hlnlll 

1 ! 

A 

• ("110 .. ~. 

o 
! 

...,I t ill:.-rr 

-Fl "'E~ 
. 6 

l 

M 

o 

I!!IIL .l1li 11'1"l1li1' 

t.r. 
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9. Series 
260, 261, 264 & 265 

-(;--'i--

.1 

SURFACE MOUNT METERS 

R S T W 

.155 .66 .66 .175 

2.22 .94 .94 .125 

2.82 1.12 1.12 2.25 1.25 

2.82 2.00 1.54 3.56 125 

WINDOW MOUNT METERS 

216 In. 

3'h in. 

4'h in. 

10. Bezel Mounts of Surface Mount Meters 

, -. 

I ~ 
. : I II • ..g: 

"""' 
-, 

r 
!;. 

W,'.t- :l> •• '111 

I -

J 

2'h in, 

3'h in. 
T 

4'h ,', 
in. 

F [" 
2'h 2.30 

. 
..... 

r 
3'h 2.94 

4'h 4.05 
~ 

.,. 

1 

r 

A 

I 

~ 

1 

I-

i 

'.'!) ::~ 
-._~~ Jl:O 

.0:!:1 .~;(::: 
...,' .::1~ 

... - B 

CO p F -

J 

11-" 

c: 
~ 

I ,., 
! • 

I-~ 

~11."I1 

P 

-\ 

[. 
• 

I 
I 
... 
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11. Outline dimensions for 185 meters 

13. Panel cutout dimensions for 1 or 3 meters, 
with bezels and brackets 

15. of 185 meter on back of 

:IF'lIl: ".r 

• ",:1 

".II.I,) ... r:.,. 

,,'" ",,.I 
• :- .. • 11' ···.!II UiQ'h .. n.: 

:.-" 

12. Outline dimensions for 185 meter, with bezel and 
15 & 16 below bracket. See 

14. Dimensions of bezels 

I'1:1III1 

16. 185 meter with bezel ""''''''''111" 
bracket and hardware 

1 



-II!., oil"" .. :: t __ .: .. ~ .. IIIII..-' 

17. Outline Dimensions for 1'h-inch 286 meters 18. Outline Dimensions for 2'h-inch 287 meters 

20. New Look 2'1, & 3'h-inch 240 

19. Outline Dimensions for 3'h-inch 288 meters 



21 240 K",r-I< •. nf •. "","ol model 

A 

L 

K 

23. 2'h-3'k-inch 240 round case 

A 

A 

I 

"11 •• 1'.1 -0":" 

A A -

i. 

: .( 

",1:.0 
"1111'"of': 

·L 

22. 240 square case 

~ 

t 

':"I~ 

,I/' 

t 
i 

I" 
." CONDI)II 
'- FI--I~~~ 

.. , L~tc.,. 

.1 

~I 

.... '3 

24. 240 conduit-mounted case 

': 
'-, 

.... 

1 
1 H 
H 1 
I 

I 
1 
J 

3 
Ii:: 
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1. 

1.1 

1-1 - SIGMA "'..,.,il ........ 

PL28 
PL22 

PL23 
PL20 

SIGMA 
PL21 Core 

Board 

SIGMA 

• Customer 

• 

F ALSTOM Power Conversion Ltd 

Keypad 

. Serial Link 3 

Power 
interface 

Customer 
1/0 Board 
(pi 2 of 2) 

board 
(PI B) 

1 -1 

Power 
devices 

)-------1.;;emal Link 1 

.. Serial Link2 

1.1 
© 2000 ALSTOM 
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1-2 

a) 
b) 

c) 
d) 
e) 

f) 

Items aj to 

1.1 
© 2000 ALSTOM 

main 

processor 

Power Convertor 

as SIGMA 

ALSTOM Power Conversion Lid F 
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1-3 

1 

• 
various power 

• 

• 

1 
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1-4 

1 

Basic 

can via 20 

communication / 

• ESP or MOOBUS RTU or MOOBUS ASCII 

Basic 
• 1 GEM80 BASIC can 

HOLC Comms FIP OPTOLINK 

to user 

• Set 

• User written program to set 

1 
© 2000 ALSTOM ALSTOM Power Conversion Ltd F 



1-5 

• User written program to 

• 

of "'""'11,.,,nn 

Processors 
• 

processor 

1 
F ALSTOM Power Conversion Ltd 2000ALSTOM 
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1 

1.4.1 

Connections to SIGMA are as 1 1 

For 

1.4.2 

16 are 

On 

A32.0 A32.7 

Al.0-Al.7 

-_ ••• _- 1 

© 2000 ALSTOM 

connections see Customer 

via Customer 

20V 70V 
5V maximum 
O.SmA state 
1 ms. 

Note: 

ALSTOM Power Conversion Ltd 

Data. 

every user scan 
time' 1 

two or more 

a 

F 



1.4.3 

Bl.8 Bl.15 

Note: 

1.4.4 

Contact 

1.4.5 

via Customer 

20-70V 
150V 
1mA 
250mA 
2.5V 

are reset 

ALSTOM Power Conversion LId 

is 

contact. Contact 

1-7 

It must 
See 

a 

2000ALSTOM 
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UlMurlrllp Rate 

1.4.6 

Basic 

Five 

• 
• 

1 
© 2000 AlSTOM 

Customer 

are 

a 1 

AlSTOM Power Conversion ltd 

via Customer 

5V OV use 

F 

1 



note: 

1.4.7 

See section 5 

.. ,nluo-... 1-2 

GEM80 

F 

Encoder Interface 
Board 

a XILINX 
L20. 

To Customer 
1/0 board 

AlSTOM Power Conversion ltd 
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on 
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via 

CO 

C1 AID 

C2 

C3 

All 
C4 

C5 

C6 

convertors C7 

processor. C8 

C9 

1.5.1 C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

For further details on data power C21 

see Section 4.5.14. 

-32768 = -10V 

C10 OV 
C21 5V 

1.5.2 (1 

via processor. are 

10 
C22-C31 See section 4.5.14 

... .,.,. ........ 1 

© 2000 ALSTOM ALSTOM Power Conversion Ltd F 



111 

1.5.3 

Source 

If an nn,nl(',n 

1 
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1 

1.6.1 

section 3.4.6. 

to 

1,2 

Link 3 can 

Note: 

communications processor on SIGMA 
rnlJlriPri to unit. 

as In 

purpose communication 
It can act as a master to up to 4 

Link 2 

purpose communication 
rate 

Customer I/O 
Board (4495) 

Link ' 
----------j---=~ 

It is to 

9.6 kbaud 

Keypad 

PC 
ProQrammer Link 0 ' •............................................................... + ................................................................................................. ······································1···L .................................. . 

RS485 

1 
© 2000 AlSTOM 

Notes 
(1) Customer 1/0 circuits shown for the 4495 

Customer 110 board. RS232 connections via 9 
'D' connector 

(2) 110 boards need an 
RS485-RS232 convertor to connector the PC to 
the Customer 110 board link 0 

AlSTOM Power Conversion ltd F 



1.6.2 o 

Features 

See section 1.6.6 
MODBUS RTU or ASCII. See section 1.6.7 

are two 

F 

rate 
AO.12-AO.14 
as In 

SWl 

ALSTOM Power Conversion Ltd 

1-13 

o is 

Rate 

3,4 on Customer 

5, 7,8 on Customer 

© 2000 ALSTOM 



1-14 

two ways: 

i) 

ii) 

© 2000 ALSTOM 

SetSW1 = 0 

o 
1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 

via CON FIG 1-3 Firmvllnr'f'II 

9600 
on 600 

2400 
on on 4800 

on 9600 
on on 19200 
on on 38400 
on on on 76800 

In FSO-FS9. See section 1.6.8 

ALSTOM Power Conversion Ltd F 



1.6.3 

1.6.4 

Link 1 

Features 

See section 1.6.6 
• MODBUS RTU or ASCII. 

Connections 
See Customer 

Link 2 

F 

1 15 

Data 

an ESP 

In F60 to F99. See section 1.6.8 

Data connections. 

T33 
to 9600 ESP 

1 
ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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can 

F1 00 to F1 See section 1.6.8. 

Connection 
9 way no, .. ..", .. on Customer "n • .-non RS232 

on 

1.6.5 3 

Features 

Section 4.1 

On power up Link 3 can 

Fl10 to Fl19: See section 1.6.8. 

into link 3. 

must not as a 

1 
2000ALSTOM ALSTOM Power Conversion Ltd F 
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1.6.6 ESP 

1-4 Link 

Link 
1&' .LI. F A': .• :, ... _ ...... 

.. _LI ........ V .. , 1'1 V 111:., no 
Table 

rx 10 
0 JO-J99 tx 11 FSO-FS9 F37-F39 

1 1 
J100-
J199 

rx = 12 
tx = 13 F40-F42 

J200- rx 14 
2 J299 tx IS F70-F79 Note 1 

J300- rx 16 
3 tx 17 FBO-FB9 Note 1 

4 
J400- rx = IB 

Note 1 J499 tx = 19 

J500- rx 110 FlOO-
2 JS99 tx 111 F109 F43-F45 

3 
Fll 0-
F119 Note 2 

Notes: 
1. 1 

if 1 is 

o 

2. 3 not 

F ALSTOM Power Conversion Ltd 2000 ALSTOM 
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Note: 
SIGMA 

.6.7 MODBUS 

1 
© 2000 ALSTOM 

are 32 
in size. 

ALSTOM Power Conversion Ltd 

counters 
spec says 

F 



1 19 

to 0 - 83 
Bits: to 84.00 to 

99.15 

link as 

o 0-99 
1 100-199 
2 

.6.8 

See 

statistics is as 

:"llIII"iII"1'Ion 1 
F ALSTOM Power Conversion Ltd 2000ALSTOM 
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* Not 

# Not 
NAK 

1.6.9 ESP 

• 

• 

1 
2000 ALSTOM 

as a 

messages . messages 

to write SIGMA 32 

its it 

ALSTOM Power Conversion Ltd F 
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• 

1 . 
2. 
3. 

source 
source is 

user program is HALTED 

on 

1-21 

SIGMA RAM areas. IS 

it 

more 1 minute 

on a message is "Link n 
IS 

are: 

1.6.10 

See Customer 

1 
F ALSTOM Power Conversion Ltd @ 2000 ALSTOM 
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1.7.2 

Note: 

1 
© 2000 ALSTOM 

IS as 1-6. 

1-6 SIGMA 4rl"nn,nPlmp.nt! 

View 

Power Interface Board 

Core Board 

ALSTOM Power Conversion Ltd 

Enhancement 
Boards 

i 

I ==> FRONT 

IS 

F 

1 



1 

1.S.1 

DATA 

o 
1 
2 

3 
4 
5 

015 Data 

a 

Format 
8 BCD 

no 8 BCD 

EEPROM contains 

ENU State & Boot issue 4 BCD + 2 

'10024001' 
'44510010' 
'0102"'BA" 
EEPROM issue A 
"MJLC" 
'19930929' 
'00000027' 

ASCII 
4 ASCII 
8 BCD 
8 BCD 

ENU status EEPROM issue 

1-23 

Data items 0 to 4 can UI..Lt:::'::'I:;:U via or via 'E' 

PIB 1 PIB 2 PIB 3 EHl I EH~1 I EH3 I EH4 

E31 E63 E95 E127 E159 

E32 E64 E128 E160 E19'2 I E:i~24 I (:25iS I E288 

E33 

E190 E318 

........ lIi"' .... 1 

F ALSTOM Power Conversion Ltd 2000ALSTOM 
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1.8.3 

1 
© 2000 ALSTOM 

time can 
E1 sec 
E2 min 

E3 = 
E4 
E5 = 

year 

are 
are 

E30. 

via 

contents 

ALSTOM Power Conversion Ltd F 



1.8.4 

1 

Two 
EO.O: 
EO.l : 1 s 

1 Leave 
2 STOP 
3 
4 
5 

F 

LR14 
3 

1-25 

to user. are: 

to 0.1 

to maintain user program in RAM 

Core 

every 12 or 

ALSTOM Power Conversion Ltd 2000ALSTOM 





• CSP Monitor 
Firmware 
monitor 

• 

corrections' to to 
to EEPROMS. 

an 
sections. 

2-1 Firmware 

Boot EEPROM 

2.2.1 BOOT EEPROM 

2.2.2 

In 

on a power up or new 

Note error messages 

MEMORY CHECKS 
various memory rr ... ,m .. ' ....... "::, 

continue but the "",nrlnnnn 

of scan 

end of scan 

may are in section 4.3.3. 

If IS a execution will 
up and a fault message is 

2-1 

ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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2.2.4 

A transition 
section 4.5.1 

For more 

OUTPUTS 

HALT to RUN 

on HALT-RUN 

are written as as 
are set to O. 
are to 

• are written to 

INPUTS 

• 

• 
• 

SUPPLY CHECKS 

HOUSEKEEPING 
are 

USER PROGRAM 

RUN-HALT 

IS In 

as 

see section 2.3. 

to 

A33 
A 

lOOms 

O.lms 

2-3 

If status is 'RUNNING' user program IS 

now executes 

SERVICE SERIAL LINKS 

TIMING FUNCTIONS 

IS at 
execution time 

time set in Pl. 

time-out are 

F ALSTOM Power Conversion Ltd 

at 

at 

© 2000 ALSTOM 

1 



2-4 

SELF TESTS 

execution 

2.2.5 

2.2.6 

scan IS in E7. E10 is 
user program runs. as 

time to execute once in a user 

At a scan, 
User Scan Time Current Time. 

If is time to a it Current time # -
Time now *) 

If time not 

If Execution Time is Pl, it on next scan to 
average Execution Scan Time = Pl. 

© 2000 ALSTOM ALSTOM Power Conversion Lid F 



2.3.1 RUN 

user program a HALT to RUN transition if 

PROGRAMMING PERMISSIVE is LOW 
A32.7. 

on' 

if IS 

correct user program is 
a user program with a 

SWl to PO 

user program, 

A copy in E21. 

Note: 

F ALSTOM Power Conversion Ltd 

2-5 

is true: 

ensures 

user 

status 
2000 ALSTOM 



2-6 

2.3.2 Power 

2.3.3 HALT 

user if 7) is 

2.3.4 

transition. 
Ell.Oisseton 

status 
© 2000 AlSTOM ALSTOM Power Conversion Ltd F 

1 
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2.4.1 

Ell.l is seton infest 

The must to 

2.4.2 

IS 

A Ell.2isset program IS In 

F ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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2-8 

16 occurs. See 

SIGMA power Given 
up time is a minimum 

power IS into is 1 o 

2000ALSTOM ALSTOM Power Conversion Ltd F 
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2.6.1 

2.6.2 

in section 2.6.8. 

Note 
program in 
overwrite new programs. 

to 

11" .......... , ... "' From FLASH 

FLASH 
since scan times can 

In 

See 

FLASH space is at 
RAM on a 

if IS an error. 

FLASH contents if 

2-9 

cannot 

of flash see section 2.6.5. 

FLASH is if IS a 

Trnn<:1r",n"",/"l to RAM 
SIGMA core 

F AlSTOM Power Conversion Ltd 2000 ALSTOM 
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2.6.3 Issues To Note ftnlllAr'IA<:: Not 

2.6.4 Porameters 

P9.S Set on to RAM up to FLASH 

P9A Run program user program run occur in 

2.6.6 

P9.6 

P9.7 

P18 

Note: All 

EllA 

11.5 

E386 

E387 

E388.0 

E388.l 

If P9.6 
Fl 
F2 
F3 

2000ALSTOM 

FLASH error 

section 

FLASH size 

to FLASH 

error 

% FLASH 

FLASH 

FLASH 

FLASH 

18) if FLASH 

RAM into FLASH 

a o 

Set written to 

Set error; goes 

FLASH 

RAM to FLASH if 

FLASH contents 

ALSTOM Power Conversion Lid 

RAM 

on 

F 
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2.6.8 Run 

2.6.9 Loss Power When 

reason 
CRC is 

execute in RAM 

F ALSTOM Power Conversion LId © 2000 ALSTOM 
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2.7.1 OK LED 

OK LED is on Customer LED is on 

2.7.2 

micro every 50ms 10ms. 
circuit 

nr,,,,,"nTC the 

it 

one of 

A35.1 monitors V\lnTrr.nr,n contact on SIGMA core 

A35.1 1: 
A35.1 

2.7.3 

On start up items are if a 

• 

• - current 

© 2000 ALSTOM ALSTOM Power Conversion Lid F 
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items can """","varl out. 

If a message IS nature 

LED's are to 
micro 5V ha .... ",.," 

r/"\\lI';<>,'; to up to 8 

2.7.4 

if a IS 

• 

• 
• 

error in section 4.4. 
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IS CSP in 

a new 
© 2000 ALSTOM ALSTOM Power Conversion Ltd F 
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3- 1 

1 

are 

executes a user 

program proper. 

program. 

are 

F ALSTOM Power Conversion Ltd © 2000 ALSTOM 



3-2 

program is in two program . 

..--------~ 
I 

SIGMA CONTROLLER 

SIGMA CORE BOARD 

'-'-----'---'--------, ~~-~-.-.---~-~-.-~---~-~-~-~- -
FAST TASK 

CONTROL TASK 
: - -CURR'EI'lT"CONTROl: . - --: 

L21 L37 L101 L102 
REF. 

02 

I 
_________ J '-_ 

~~~~ ... ---~~~ -, 

Typical 
L2208=N4 L3702=L2115 

L2106-L2219 

© 2000 ALSTOM ALSTOM Power Conversion Ltd 

L103 

FIRING 

ceTs 

POWER 

BOARD 

.-
j 

POWER 
1---rlI+IINTERFACE 

BOARD 
I 

-ARMAfuRE' 
BDM;:--_----, 

1 



13 FIR20lS 
14 ENHO 015 
15 ENHl OIS 
16 ENH20lS 
1 OIS 

Drive 

Line 3 

It is to 

Line 
Fast 

Line 6 

7 

: 0000.0000 
: 0000.0000 
: 0000.0000 
: 0000.0000 
: 0000.0000 

IS a 

<-
< 
< 

Issue 

on 
ma 

3-3 

2 015 version 

1 015 version 
2 015 version 
3 015 version 

& Date are ASCII text 

3-2 Firmware 
r",,'lnl'V Structure 

GDS1106 

not exist in 

session nrp,,",r,n <CTRL> <FlO>. 

IS set to 1. 

must set to YES. 

F ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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If IS as 0000.0000 OIS 

3.3.2 

Function 
connections to 

e.g. L10107=L2115 

• a 
e.g. L2124=9S.00 to a 

• A 
to a 

Rules 

• 
• 

a section 

3-3 

SPEED CONTROL CURRENT CONTROL 

Off L2110 ~ b 
L2106 L2115 > L10107 

L2124 

© 2000 ALSTOM ALSTOM Power Conversion Ltd 

consist 
passed to 

is not 

It 

program. 

F 
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program 

L10107 
L2106 
L2110 
L2124 

Comments 

3.3.3 DEF TABLE 

L2115 
N4 
o 
95.00 

IS 

N 

L 
C 

CURRENT REF 
SPEED REF 
SEL. VOLT FEEDBK 
MAX. OUTPUT LIM 

CONTROL OUTPUT 

o 
95.00% 

are link IS 

see section 4.5.7 

to a may 

in program, i.e. maximum 
text comments. SIX must 

e.g. DEF TABLE L7006= 1 

In 

* 

F 

+10000 
-10000 
2 

o 
1 

to 

DEF TABLE L21 

we are 

Maximum limit * 
Minimum limit * 

comment 

text 

ALSTOM Power Conversion Ltd 

L7006 to 

user can 

© 2000 ALSTOM 

1 1 



DEF TABLE is 

0 10 
1 % 11 RPM 
2 PU 12 V 
3 ms 13 A 
4 s 14 
5 15 Nm 
6 16 mm 
7 PULSE 17 inS 

8 DEG 18 
9 Hz 

3.4.1 

program serves 

• 
• 

3.4.2 

HDLe 

© 2000 ALSTOM ALSTOM Power Conversion Ltd F 



3.4.3 

3.4.4 

3.4.5 

f)U~1P 

+--<S PEC>-------<V,UUE>-------- ---- ------ ----------------- ------------- -- (OU") I 

1 3140 ['2100 

user program contains a program, certain 
program may use program. 

IS?MTEST DLOI DL01V 
+-- J [----<INV>---DELAY---VALGE---<INV>-t--: / 
11.4911 0 G32 G33 1 !":'.2 
1 1 

1 NOM!!" 1 

[----- : 
,0 ~n 

in section 
to a 

if test cycle se~ected 

( '-58 

3-7 
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3.4.6 

Function Notes 
DBOUNCE SO 
HISTATE S3 0-31 
SWAP S4 
NEGATE 55 
ABS S6 

57 
OUTPUT 58 
LlNCON Sl1 range is 32 

512 
LOCATE 520 is a 
FGEN 530 
DEDBAND 531 
LIMIT 532 Limits up to a 32 range 
SWAPE 542 upper a 32 

GDMMOD 5140 
T1 

NE T2 
GT T3 
LT T4 
GE T5 
LE T6 
MAX T7 
MIN T8 
MULT TlO 
DIV Tl1 
FILL Tl7 GEM80 
MOVE T20 GEM80 
CON FIG T33 

2000ALSTOM ALSTOM Power Conversion Ltd F 



F 

Function 
ADD 
SUB 
COUNT 
DELAY 

OR 
XOR 
INV 
JUMP 
SPEC 
BLOCK 
AND 
VALUE 
OUT 
LINK 
JOIN 

Notes 
32 

are 

range 

as memory 
in P5. Minimum is 1 ms; is 1 ms 

ALSTOM Power Conversion Ltd © 2000 ALSTOM 





1 

4.1.1 

4.1.2 

.. "' .. ,u • .,. 5-1 SIGMA Ke111'Dflid 

Indication 
LEDs 

24 character x 8 line display 

Stop Pushbutton 

F ALSTOM Power Conversion Ltd 

4-1 

2000ALSTOM 
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4.1.3 Menu 

4.1.4 

1 
2 

3 Monitor 
4 

5 

* not 

LED 

* Note: 
1 
2 
3 
4 

© 2000 ALSTOM 

1 
2 
3 

1 
2 
3 
4 
5 

on 

Green 
Green 
Green 

B 
832.9 
832.10 
832.11 

832.12 
832.13 

menu structure 

program is not 

user program is 
user program to a 

ALSTOM Power Conversion Ltd F 

1 
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4.1.5 Parameters 

• Monitor 

• Monitor 

• 

4.1.6 

4.1.7 

contains 19 as 

'lA', '2B', '3e', '4D', 'SE', '6F', '7H', '8l', '9P', 'OS' 
a ~ ~ to 

ALSTOM Power Conversion Ltd © 2000 ALSTOM 

1 
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4.1.8 

ESC 

.t 
? 

ENTER 

DEL 

A34.0 
A34.1 
A34.2 
A34.3 
A34.4 
A34.5 
A34.6 
A34.8 - A34.11 
A34.14 -
A34.17 
A34.20 
A34.23 
A34.26 
A34.29 
E9.0 - E9.3 
E9.4 - E9.7 

2000ALSTOM 

Cause 

RUN 
STOP 
LOWER 
RAISE 
.t 
t 

to section 4.1 
RAISE 
RAISE 

Link 2 - RAISE 

3 RAISE 

3 

ALSTOM Power Conversion Ltd F 

1 



4.1.9 User 

4.1.10 

F 

P10 
Pll 
P12 
P12.0 
P12.4 
P12.5 
P12.6 
P12.7 
P13 
P14 

to 
If 

P10 to P14 

IS as 

to on any 
to section 4.1 

ALSTOM Power Conversion Ltd 

4-5 

to 

2000ALSTOM 

1 1 



4-6 

4.1.11 Format 

24 

main menu. 

Menu 1r1l ... 1t., ...... 'c 

© 2000 ALSTOM 

can a 

can at anyone time. 

is 

view LCD 

ALSTOM Power Conversion Ltd F 



4.1.12 

1. 
2. 
3. 
4. SIGMA 

If P12.0 is set to section 4.1 
Menu'. 

If no messages are 
user program, then other 

If no messages any 
MESSAGES AVAI LABLE' is 

<ESC> returns 

F ALSTOM Power Conversion Ltd 

4-7 

<ESC> twice into 

a message 'NO 

menu. 

to 

2000ALSTOM 



4-8 

A 

e.g. 

2000 ALSTOM 

user two 

section 

ALSTOM Power Conversion Ltd 

a 

are 
<ESC> 

F 



e.g. 

presses 

menu. 

F ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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D Monitor in 
H 
B 
S 

l. 
2. 
3. 
4. 
5. 

© 2000 ALSTOM 

Comments in up to two 
are set up 

menu 

ALSTOM Power Conversion Ltd F 



An <",,(,mini a 

An a 

1. Disconnection 
2. Return To Main Menu 

returns 

F 

4-11 

size LCD 

user two 

user to main menu. 

ALSTOM Power Conversion Ltd © 2000 ALSTOM 
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4.1.13 

CSP monitor section 4.5.15) 

4.1.14 

Reason / Comment 

INCORRECT PASSWORD 
OUT OF 

LINK NOT 

WRITE DENIED 

UNABLE TO MODIFY TABLE 

ACCESS LEVEL 

CARD NOT PRESENT 

NO SUCH TABLE 

SCOPE OUTPUT n NOT AVAILABLE 

© 2000 AlSTOM AlSTOM Power Conversion ltd F 

1 







t 
Power 
supply 

1 1 



I 1 



1 



4-18 

F1 

2000 ALSTOM 

F2=1 
F2=2 
F2=3 
F2=4 
F2=5 
F2=6 
F2=7 

area O::lIlIllrlr'UUITUDln 

Worst case time 20s 

ALSTOM Power Conversion Ltd 

execution 
as 

F 



4-19 

Fl =2 

at 

Worst case time = 20s 

are to Fl 1. 

Fl =3 

F AlSTOM Power Conversion ltd © 2000 AlSTOM 

1 
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Fl 

© 2000 ALSTOM 

any 

F2 
1 
2 
F3 

Error in 

is in F2 -

rl ",i,,,,ri,,,,rl at. in Hex. 

ALSTOM Power Conversion Ltd 
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Fl 12 XILINX 

XILINX to 

If IS 

rgi:5:5IIDle reasons 

• 

• 

Fl 13 

F ALSTOM Power Conversion Ltd 2000 ALSTOM 

1 
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F1 =14 

© 2000 ALSTOM ALSTOM Power Conversion ltd F 



F2 Basic 

Fl = 17 

5=Constraint Constraint range 

F ALSTOM Power Conversion Ltd 

F4 

processor 

4-23 

range 
is 

© 2000 ALSTOM 
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F1 =18 

F1 = 19 

F1 =20 

F1 =21 
to 31 

32 

© 2000 ALSTOM 

7 = Protection 
4 = SRAM Protection 
1 

out 

runs at an 

ALSTOM Power Conversion Ltd F 



Fl =34 Incorrect 

F 

Bits 2 4 = 
Bits 5 8 = 

ALSTOM Power Conversion Ltd 

4-25 

© 2000 ALSTOM 

1 1 
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4.4.1 

are occasions 

e.g. if FO = 250 

Cc) 2000 ALSTOM 

Fl copy in V250 
F2 copy in V251 

can even 

ALSTOM Power Conversion Ltd F 

1 
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4.5.1 

4.5.2 Data 

All are a 

are two ways on 

The in section 4.5.12 a summary of 

4.5.3 SIGMA Dolo (L 

A 

Letter is L 

It is not 

L e.g. MOVE. 

DELAY or COUNT. can 

AlSTOM Power Conversion Ltd © 2000 ALSTOM 
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4.5.4 Dala 

4.5.5 

way: 

In range -2147483648 to +2147483647. 

a -21474836.48 

(0 

as 

1 = true 

For L are as 

0 IS 

<>0 is true 

L 

0 
1 true 

are as 

© 2000 ALSTOM ALSTOM Power Conversion Lid F 

1 



4.5.6 

4.5.7 

Access 
Comments 
Units 

Access 

Access 

0 
1 
2 
3 
4 

5 
6 

F 

• 

may appear on 

can 

No 

4-29 

may 

to 

In 

section 4.5.7) 

the DEF TABLE statement in 

with 
are next 

are to 

Link 

U 
S 
P 

L, *, 
E, 

N 

ALSTOM Power Conversion Ltd © 2000 ALSTOM 

1 
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4.5.8 

Notes: 
1. 

• 

© 2000 ALSTOM 

CSP 
not 

a 

I is 

a time-out 

is 

if there is a rAt,Ar~'nrp to any 

space IS up to to in 

write or IS at two 

status can a 

ALSTOM Power Conversion Ltd 



• User 

4.5.10 Dala 

Data are at 

• On power up 
On a HALT to RUN 

• 
statement 

to a constant in 

can 

4.5.11 Data 

4-31 

a user program. 

program are 

overwritten 

see section 

are 

'DEF TABLE' 

at 
program. 

to a 

F ALSTOM Power Conversion Ltd 2000ALSTOM 
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4.5.12 

Function 

W 

GO 
H 
NU 

© 2000 ALSTOM 

Content Minimum 
Size 

36 

33 

32 

4 

400 

200 

0 

Maximum 
Size 

ALSTOM Power Conversion Ltd 

to run 

YES 

YES 

YES 

YES 

YES 
then 

YES 

NO 

YES 

RO.O 

to 

power on 

YES 

YES 

YES 

YES 

YES 

time 

YES 

NO 
See note 
1 

NO 
See note 
1 

YES 

F 



4-33 

Function Data Content Minimum Maximum to 
Size Size 

to run power on 

12 YES YES 

J 600 
K 600 

L up to 100 YES YES 
per 

space 

Maintainer M YES 

RO.O=l 

Pre-set P YES YES 

v NO NO 

program 

4.5.13 

BASIC o 1 

F ALSTOM Power Conversion Ltd 2000ALSTOM 
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Some Basic is customer 

AO 0-7 
8-11 
12-14 
15 

A1 0-7 
B1 8-15 via Customer 

A32 0-7 
A33 0-15 

A34 section 4.1.7) 

Note 

A34.0 
A34.1 
A34.2 
A34.3 
A34.4 
A34.5 
A34.6 
A34.8-
A34.11 
A34.14-
A34.17 
A34.20-
A34.23 
A34.26-
A34.29 

cannot 
is set on. 
A35 status 

B32 

© 2000 ALSTOM 

A35.0 
A35.1 
A35.2 

A35.8-
A35.15 

RUN 
STOP 
LOWER 
RAISE 

Link 1. 

Link 3: 

1 
2 
3 
4 
5 

ALSTOM Power Conversion Ltd 

RAISE 

RAISE 

RAISE 

or MONITOR 

as 

P12.16 

F 



4.5.14 

maximum 

F 

DO 
D1 
D2 
D3 

o 
1 
2 
3 

ALSTOM Power Conversion Ltd 

4-35 

numenc 

© 2000 ALSTOM 
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4.5.15 

EO 

El - E6 

E7 

E8 

E9 

ElO 

Ell 

12 

© 2000 ALSTOM 

EO.O 0.1 sec set on one scan every 
lOOms 

EO.1 1 sec one scan every 

EO.6 

EO.10 Basic 

EO.14 
EO.1S rnrnrrlPri 'Drive 0= 

El 
E2 Minutes 
E3 Hours 
E4 
ES 
E6 Years 

Last scan : Last scan time in 1 Jis units 

Overrun count. 
in P1 

E1l.0 
Ell.l 
El1.2 
Ell.3 
EllA 
Ell.S FLASH error 

Div. zero time 

ALSTOM Power Conversion Ltd 

time scan time exc:ee,as time set 

is a zero 

F 



4-37 

E13 = 3052 lOY 
E14 

15 3052 
E16 
E17 3052 
E18 
E19 = 3052 
E20 

If 
to 

E21 Drive ID 
E22-E25 

Note: 
letter can monitor 
c' 

To enter program, it must IIU 

E22 
E23 
E24 
E25 
E26 
E27 
E28 
E29 

/ Scaler 

to 

F ALSTOM Power Conversion Ltd @ 2000 ALSTOM 
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E30 
E31 - E319 
E320 

write 

E22= "L" 
E23 10107 

E370 E377 to E13 to 

E378 - E38S 

E386 
E387 
E388 

4.5.16 F 

FO 
Fl 

F2-FS 

F6 
F7 

F8-F21 
F22 

F37-F49 
FSO-F1l9 

© 2000 ALSTOM 

E20 

E29 

FLASH 
FLASH: 

to E22 to 

of 

reason 

ALSTOM Power Conversion Ltd F 



4.5.171 

1 
12-19 
110-111 

are 

4.5.18 Link 

JO-J99 
Jl 
J500-J599 

K 

4.5.19 P 

F 

PO 

Pl 

P3 
P5 
P8 

P9 

P10-P12 
P13-P14 
P15 
P16 
P17 
P18 
Note: 

o transmit receive 
receive 
receive link 2 transmit 

same 

Unit 

Scan time in 1 
65ms 

via 
via 
via 

o 
1 
2 

'Run on power 
RAM tests 

4495 Customer 

4-39 

to up to 4 

Lower 12 
ID. 

is non zero. 
a 

cross 
on start up if P8 

Max 

1 ms 

See section 2.6 

ALSTOM Power Conversion Lid © 2000 ALSTOM 



4-40 

P20-P23 

P25 - P28 
PlOD 

2000ALSTOM 

Source time Set issue D CSP 

ALSTOM Power Conversion Ltd F 

1 1 



5- 1 

most up to 

1 

GDS1002-4004 

GDS1004-4002 

GDS 1005-4001 

GDS 1006-4001 

GDS1007-4001 

31 0 

into HDLC 'D' connector 

GDS1016-4001 

connection 8992-4300 

GDS11 

F ALSTOM Power Conversion Ltd © 2000 ALSTOM 



5-2 

BDM2 

W-L 

As 

Common spare 

lCD 
lCD 
lCD 
lCD 

2000 ALSTOM Controls Ltd 

GDSll 
GDSll 
GDS11 
GDSll 
GDSll 
GDSll 
GDSll 
GDSll 
GDSll 
GDSll 
GDSll 
GDS11 

GDSll 

GDSll 

GDSll 

GDSll 

GDSll 

GDSll 

GDSll 

GDSll 

GDSl191-600l to 
GDSl191 

GDSll 

F 

1 1 



5-3 

M73-60001 

M75-60001,2 

GDS1199-6001 

GDSl199-6002 

GDSll 

GDS 1199-6004 

F AlSTOM Power Conversion Ltd 2000ALSTOM 

1 1 
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If user SIGMA Core 

ALSTOM Power Conversion 

CV21 1 BU 

Fax:-

F 

Division 

563563 
560767 

ALSTOM Power Conversion Ltd 

+44-1 
+44-1 

6 

contact: 

© 2000 ALSTOM 
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ANALOG TERMINATION 
PANEL 

CSP 

CONTROL TASK 

CUSTOMER BOARD 

DRIVE CONTROLLER 

DRIVE PACKAGE 

FAST TASK 

POWER BOARD 

POWER INTERFACE BOARD 

PWM 

SIGMA CONTROLLER 

SIGMA BOARD 

SIGMA CORE MOULDING 

PC 
SIGMA 

A 

A 

main 
processor 

F AlSTOM Power Conversion ltd 

7 -1 

/ 

SIGMA Power 

Power 

SIGMA Core 

SIGMA Core 

7 
2000 AlSTOM 
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A 

Access Level ............................................. 4-29 
Termination Panel 1-10 

I/O 
.......................................... 1-10 

1 -1 
1-4 

I/O processor 1-10 
Termination PaneL ..................... 1-4 

Software 
............................................... 1-4 

Attributes .................................................. 4-29 

B 

2-3 
of 2-9 

Basic I/O 
AdditionalI/O ........................................ 1-7 

1-8 
Customer I/O 1-6 
Error codes ........................................... 4-22 

.................................................. 1-7 
Rate ........................................... 1-8 

BATTERY 
1-25 

Procedure: ....................... 1-25 
............................................ 2-8 

Baud Rate 1-13, 1-14 
BOOT UP EEPROM 2-1 
Boot Faults .......................................... 4- 5 

C 

Calendar Clock ........................................ 1-24 
Code Area 4- 18 

2-7 
CONFIGT33 115,1-16 
Control Task .............................................. 3- 1 
CSP........ ........ .... 3- 1, 4- 13 
Customer I/O Boord 1-6 

D 

Data Tables 
Addresses....... 4-27 
Attri butes .............................................. 4 -2 8 
Initialisation ............................................ 2-2 
L tables ................................................ 4-27 
When ..................................... 4-31 

DEF TABLE 
3-5 
3-5 

8-1 

Text 
Units ....................................................... 3-6 

I/O 
Data Tables ................................ 4-32 
..................................................... 1-6 

-6 
-4 

Read ................................... 2-3 
Written ............................. 2-3 

Basic I/O ............................................. 4-34 
Short-circuit Protected ............................. 1-7 

New Firmware 2-14 
Drive ID ...................................................... 2-5 

E 

Power Fail 
Encoder 

............................ 2-8 

Connections ............................................ 1-9 
Driver module ......................................... 1-8 

..................................................... 1-8 
1-4 

Encoder Interface Board 1-9 
Enhancement Card 

...................................... 1-22 
Presence 1-22 

Enhancement Interface 
................................................ 1-4 

ESP ................................................... 1 1- 3 
1-20 

................................... 1-17 

F 

Fast ....................................... 1-6 
Fast Task .................................................... 3-1 
Fast Task Failure ...................................... 4-20 
Fault 
FIP .................................................... 1 1 12 
Firmware 

Reference ............................................ 4-10 
Firmware Database .................................... 2-1 
FLASH 

Error Codes ......................................... 4-24 
FLASH .................................. 2-9 

G 

GDMMOD ................................................. 3-7 
General Fault Handler 4-23 

H 

............................................. 2-5 
HDLC ......................................................... 1-4 

8 
F ALSTOM Power Conversion Ltd 2000ALSTOM 
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8-2 

HDLC 3-6 
HDLC Serial Comms Card ......................... 1-4 
HEADER 

Drive Reference ...................................... 3-2 
Drive Title ............................................... 3-2 
Fast Task ................................................ 3-2 
firmware Reference ................................ 3-2 
Issue Number. ........................................ 3-2 

I/O Processor ............................................. 1-8 
110 

error codes ........................................... 4-24 
Initialisation ............................................ 2-1 

J 

J/K Table Allocation ................................. 1 -1 7 

K 

4-6 
LEDs ....................................................... 4-2 
Link Failure ............................................ 4-5 
Menu ..................................................... 4-2 
Status .................................. 4-36 
Variable Monitor & Edit .......................... 4-3 

Edit ................................................ 4-8 
Local Control ............................... 4-33 

4-7 
Mode ............................................. 4-9 
Monitor .......................................... 4-8 

L 

L tables .................................................... 4-27 
Ladder Instructions 3-7 
Ladder ......................................... 1-4 

.................................................. 3-6 
3-3 

............................................... 4-10 
5 

LEDs 
Core Board 4- 15 

Limits ......................................................... 3-5 
Link attribute .............................................. 3-4 
Links 1-4 

................................................. 3-4 
Function ................................................. 3-4 
Rules 3-4 

M 

Mplmnlnt Checks ......................................... 2- 1 
MODBUS ................................ 1 1-15, 1-16 

1-19 
,rn ""H"1r\l ............................................. 1 -1 8 

8-

LEDs ........................................... 4-2 
...................................... 4-8 

N 

Network card 1-4 

o 
OIS ............................................................ 3-3 

via 4-10 
Error Codes ......................................... 4-25 
Firmware ................................................ 2- 1 
Hardware OIS 1-23 

OPTOBUS .................................................. 1-4 
4-37 

OVERViEW .................................................. 3-1 

P 

Password 4-30 
Power Interface Board 

110 
1-4 

................................................... 2-1 
..................................... 2-5 

R 

RAM ........................................................ 4-20 
RAM Failure ............................................. 4-20 

5 

....................................................... 3-5 
Scan Time .................................................. 2-4 

Error Conditions 4-24 
...................... 1-11,4-12,4-37 

Selection via ............................ 4- 12 
via Data Tables .................................... 4-37 

Serial Links 
Baud Rate Selection .................... 1-13, 1- 14 

Execution Point ........................................ 2-4 
Link 0 .................................................. 1- 13 
Link 0 ............................ 1 13 
Link 1 1 15 
Link 2 .................................................. 1-15 
Statistics ............................................... 1-20 

1-4 
1 1 

4-39 
Functions ........................................ 3-8 

Stack Overflow ........................................ 4- 19 
Checks 

2000 ALSTOM ALSTOM Power Conversion LId 
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Status Bits ..................................... 4-34 

T 

...................................... 3-5 
4-35 

2-7 
Text Comments .......................................... 3-5 
Time ........................................................ 1-24 

Address 1-13 

u 
User 

Execution Point 2-3 
USERPROG ................................................ 3-4 

W 

4-14 
................................................ 2-12 

Error Codes After Power Loss ............... .4-26 
Issues 2-12 

Errors 
Basic I/O Failure .................................. 4-22 
Code Area ......................... .4- 18 
Code General Fault Handler ............... .4-23 
Fast Task Failure ................................... 4-20 
Flash failure 4-24 
I/O Processor Failure ........................... .4-24 
OIS Incorrect ........................................ 4-25 
RAM Failure .......................................... 4-20 
Slow task Failure 4-24 
Stack Overflow ..................................... 4- 19 

Check Failure ............................ 4-23 
Table 4-19 

Self Test Failure .................... 4-21 
XILINX DPR Failure ................................ 4-21 

................................................... 1-7 
Self Test Failure ...................... .4-21 

X 

XILlNX............................................ 4-21 
XILINX RAM Failure ................................... 4-21 

F ALSTOM Power Conversion Ltd 

8-3 

8 
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Frame size 
Motor 
Enclosure 

Power factor 
Full load amperes 
Hertz 
Phase 
Exciter field amperes 
Service factor 

Rotation 
Insulation class 
Ambient 
Altitude 

Sound level 
Manufacturer 

Accessories 

B2611S90 

WPII 
7415/4596 
3876/3876 
0.90 
472/538 
63.6/53.93 
6/3 
44 
1.0 
AFAC Fan Drive 
9255-DE 1001 

8 
954/809 
4 motors 
F 
45C 
4676 feet 
75 C 
200% 

4 motors CCW 

80 dBA @ 1 meter 

Differential current transformers 
Motor space heater 4500 watts 
Exciter space heater 5000 watt 
Stator RTD's six 10 ohm @ 25 C copper 

TC E 

1 11 



Ch 1 Channel Ch 2 Channel 

New 

A1.0 Off BK BK 
Y Y _ .. _-------------.. 

AU Turning Gear Com Com 

2CCE-K2127 B12 
6L 

Modicon 2CCE-K2128618 
BL Modicon 

A1.2 Run Com 
0 

A1.3 Start Com 
BR 

is A1.4 Output Disconect Closed R 
a. 
.5 
! 

A1.5 Reactor Fan Fail Alarm OK '51 
is 
III 2CCE-K2127 BOl 
E AU Reactor Temp Trip OK l:Il 
Iii 

A1.7 
Slave Input (From Other Ch's Master 

NEW CABLE 
O/P) 

A2.0 
Other Ch Running 2CCE-K2128 B25 

R 
BK BK 

A32.1 Position Sensor 1 
A32.2 Position Sensor 2 NEW CABLE NEW CABLE 

"""------,.-

A32.3 Position Sensor 3 
A32.7 Pulse Release Permissive Internal 

B1.8 Drive Healthy (DHR) Modicon 2CCE-K2128614 
BR 

Com 

B1.9 Drive Alarm (DAR) 2CCE-K2128626 
BK 

BUD liP Bkr Trip (IBT) 2CCE-K2127 B14 
R 

2CCE-K2127 B08 
BL 

Com 
81.11 Close Exc FCC 

81.13 Close Output Disconnect 2CCE-K2127 B06 
BL 
0 

B1.14 Spare 
II 
'5 
~ BUS Spare 

0 ---"~ 

! 0 '51 
is B3.0 Zero Speed .. 
E 
l:Il 
Iii B3.1 Min Speed 2CCE-K2128823 D Channel 

B3.2 Turning Gear Speed D Channel 

83.3 Speed Reference Lost 2CCE-K2127 B09 Bailey 

83.4 Running Speed 

83.5 
Master-Slave Output (To Other Ch's 
Slave 

83.6 This Ch Running 

83.7 Spare 

III C14 Customer Speed ReI 
:::I 
01 

W-1 0 
C15 Torque Ref Input "i.e """"""BI<:1" 

C :::I 
«a. 
.. .5 C16 Spare from other channel 
E 
01 
Iii C17 Spare 

DO Exciter Reference 

01 Torque Ref Output 
W-2 

Ch 2 Regulator 2CCE-K2128621 
W-1 

BK-2 BK-1 

02 Spare to other channel 

is a. 03 Spare '5 
0 
III 2CCE-K2128 B09 :::I 
1:11 
0 BK-l iii 04 Motor Speed C W-1 « 2CCE-K2128 B08 Ch 2 Regulator 2CCE-K212B B08 Ch 1 Regulator .. BK-2 
E W-2 01 
Iii BK-l BK-l 

05 Motor Voltage 
Metering Contrail W-1 Metering Cantrall 

2CCE-K2104 C03 
Panel (MCP) 

2CCE-K2104 C04 
Panel (MCP) 

06 Motor Current 







1 1 



1 1 



1 1 



1 1 



1 1 



1 1 



1 1 







111 



1 1 



1 1 
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The following is used to establish LCI drive (only) efficiency using IEEE 995 methods 
The data used is for the IPSC job which uses a dual channel drive system so losses are doubled 
Refer to the IEEE 995 standard for definitions, section references (e.g. 5.3.5.2) and supporting explanations. 

A number of different speed and set up conditions are considered: -

1. The 100% speed and load contract evaluation point 
2. The 80% speed, 50% load, contract evaluation paint 
3. The 100% load point after the proposed adjustments to motor and supply voltage for PF improvements 
4. The 100% load point after adjustment to motor voltage of 4,160 V 

Rating 
Speed (RPM) 
Motor I (Amps) 
Motor E (Volts) 
Motor 1m (Hz) 
Motor PF (Fpp) 
Supply I (Amps) 
Supply Ell (Volts) 
Supply fs (Hz) 

Section 5.3.5.2 

DC Current Idc (Amps) 
SCR Volt drop (Vscr Volts) 
One SCR Loss (Walls) 
Channel SCR loss (Watts) = 
Total SCR Loss (Watts) = 
x by 1.05 (Total SCR Watts loss) = 

Section 5.3.5.3 

Bus loop resistance (Rbus Ohms) = 
Loss per channel (Watts) 
Tolalloss (Watts) 

Cy (uF) = 
Ry(Ohms) 
Cs 
Rs 
Re(Ohms) = 
n (number of SCR's per arm) 
Alpha supply (0s degrees) = 
Alpha machine (0m degrees) 

Surge circuit supply side 

Pit (Watts) 
Phf (Watts) = 
(IJ = 00 per 995 std) 

Total for supply surge circuits (Watts) = 

Surge circuit machine side 

Pit (Watts) 
Phi (Watts) = 
(1-/ = 0° per 995 std) 

Adjustment for x-notch (Phf x 1.25) (Watts) 
Total for machine surge circuits (Watts) = 

Snubber loss supply side 

PII(Watts) 
Phf (Watts) 
(IJ 0° per 995 std) 

Tolal for supply snubber circuits (Watts) 

Snubber loss machine side 

Plf(Watts) 
Phi (Watts) = 
(fJ = 00 per 995 std) 

Adjustment for x-notch (Phf x 1.25) (Walts) 
Total for machine snubber circuits (Watts) 

Sharing resistor loss supply side 

Plf (Watts) = 
Total supply side sharing loss (Watts) = 

Sharing resistor loss machine side 

PII(Watts) 
Total machine side sharing loss (Watts) = 

Sections 5.3.5.5 & 5.3.5.6 

Measured control power losses from test 
(Space heaters excluded) 
3 phase 480 V power per channel (Watts) 
1 phase 120 V power per channel (Watts) = 
Total control power consumption (Watts) 

Loss in 3 phase, 13,500 Ohm circuit (Watts) = 

Total of all losses (Watts) 
Guaranteed loss maximum (Watts) = 
Operating output power level (Watts) = 

Overall Operating Efficiency (%) 

~ 
7415 
954 
472 

3876 
63.6 
0.9 
472 

4031 
60 

2 
80% 
3796 
763.2 
256 
3657 
50.88 

0.9 
256 

4031 
60 

3 
100% 
7415 
954 
450 
4070 
63.6 
0.9 
450 

3839 
60 

4 

~ 
7415 
954 
440 
4160 
63.6 
0.9 
440 
3933 
60 

Thyristor loss by method 2 (published data) 

605.36 
1.2534 
758.7 
15175 
30349 
31867 

328.48 
.0803 

354.9 
7097 
14194 
14904 

576.54 
1.2353 
712.2 
14244 
28489 
29913 

564.04 
1.2275 
692.4 
13847 
27695 
29079 

[I x 1V2.4495] 
[Vscr 0.875 + Idc/1600] (Published data for type C702 SCR) 
[Vscrx Idc] 
(4 arms of 5 SCR's each) 
(2 channels) 
(5% allowance made for switching losses) 

Power Circuit Connectors 

0.00125 
458 
916 

0.00125 
135 
270 

0.00125 
415 
831 

0.00125 (value taken from measured data plus correction to 9O°C) 
398 [ldc2 x Rbus] 
795 (2 channels) 

RC Filters and Snubbers 

0.5 
102 

1 
24 

20000 
5 

29.06 
31.24 

59 
690 

61 
771 

964 
2050 

38 
966 

40 
1079 

1349 
2778 

719 
1437 

656 
1313 

0.5 
102 

1 
24 

20000 
5 

34.45 
31.24 

59 
936 

35 
549 

686 
1442 

39 
1310 

23 
769 

961 
1967 

697 
1394 

584 
1168 

0.5 
102 

1 
24 

20000 
5 

15.48 
31.24 

53 
189 

67 
850 

1063 
2260 

32 
265 

44 
1190 

1488 
3063 

691 
1381 

724 
1448 

0.5 
102 

1 
24 

20000 
5 

15.92 
31.24 

[ArcCos(E x Fpp/0.99 x Ell)] 
[ArcCos(Fpp x 0.95)] 

56 [(2'\1)2 x Is> X Cy2 X EII2 x Ry] 
209 [3 x Is x Cy X Ell' x (Sin' 1215 Sin2 (0s + 1-/»] 

531 [2 x (Pit + Phi)] 

70 
888 

1110 
2361 

[(21])' x 1m' x Cy' x E' x 
[3xfm x Cyx E"x (Sin' + Sin' (0m Il»] 

(Allowance made for 12-pulse motor) 
[2 x (Plf + 1.05 x Phi)] 

33 [120 x fs2 x (Cs)2/(n)2 x EII2 x Rs x n x (1 0.5 x Sin> I2Is)] 
293 [10.5 x x Cs/n x Ell' x (Sin' 0s Sin' (l2Is + fJl)] 

653 [2 x (Pit + Phi)] 

46 
1243 

[120 x fm' x (Cs)2/(n)2 x x Rs x n x + 0.5 x Sin' 0m)] 
[10.5 x 1m x Cs/n x EO x (Sin' 0m + Sin' (0m + Il))] 

1554 
3200 

(Allowance made for 12-pulse motor) 
[2 x (Plf + 1.05 x Phi)] 

724 [4 x EII2/(n x Re) x 0.2 x Cos (2 x 0s))] 
1447 (2 channels) 

756 [4 x EO/(n x Re) x (1 + 0.2 x Cos (2 x 121m))] 
1512 (2 channels) 

Auxiliary control power consumption 

1205 
330 

3070 

1205 
330 
3070 

1205 
330 
3070 

1205 
330 

(All normal control power including cooling pump and SCR gate power) 

3070 (2 channels) 

Ground fault detection circuit losses (not accounted for by IEEE 995) 

2226 

49161 
55316 

5531590 

1981 2454 2564 [2 x (Ell. 7321 )2/13,500 x 3] 

30883 45496 45214 [Sum of underlined values above] 
N/A N/A N/A (Based on 1 % loss or 99% efficiency) 

2832174 5531590 5531590 [Hpx746) 

!@.1l! [Output/(Output + losses) x 100] 
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